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V  *. 


This  final  report  was  submitted  by  personnel  of  the  Dental  Investigation 
Service,  Clinical  Sciences  Division,  USAF  School  of  Aerospace  Medicine, 
Aerospace  Medical  Division,  AFSC,  Brooks  Air  Force  Base,  Texas,  and  the  USAF 
Hospital  Tinker/SGD,  Tinker  Air  Force  Base,  Oklahoma,  under  job  order  SUPTXXDS. 

This  report  was  prepared  as  an  account  of  work  sponsored  by  an  agency  of 
the  United  States  Government.  Neither  the  United  States  Government  nor  any 
agency  thereof,  nor  any  of  their  employees,  nor  any  of  their  contractors,  sub¬ 
contractors,  or  their  employees,  makes  any  warranty,  expressed  or  implied,  or 
assumes  any  legal  liability  or  responsibility  for  the  accuracy,  completeness, 
or  usefulness  of  any  information,  apparatus,  product,  or  process  disclosed,  or 
represents  that  its  use  would  not  infringe  privately  owned  rights.  Reference 
herein  to  any  specific  commercial  product,  process,  or  service  by  trade  name, 
trademarks,  manufacturer,  or  otherwise,  does  not  necessarily  constitute  or 
imply  its  endorsement,  recommendation,  or  favoring  by  the  United  States 
Government  or  any  agency,  contractor,  or  subcontractor  thereof.  The  views  and 
opinions  of  authors  expressed  herein  do  not  necessarily  state  or  reflect  those 
of  the  United  States  Government  or  any  agency,  contractor,  or  subcontractor 
thereof. 


When  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  in  connection  with  a  definitely  Government-related 
procurement,  the  United  States  Government  Incurs  no  responsibility  nor  any 
obligation  whatsoever.  The  fact  that  the  Government  may  have  formulated  or 
in  any  way  supplied  the  said  drawings,  specifications,  or  other  data,  is  not 
to  be  regarded  by  implication,  or  otherwise  in  any  manner  construed,  as 
licensing  the  holder,  or  any  other  person  or  corporation;  or  as  conveying  any 
rights  or  permission  to  manufacture,  use,  or  sell  any  patented  invention  that 
may  in  any  way  be  related  thereto. 
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SECTION  1: 


INTRODUCTION  TO  PORCELAIN-FUSED-TO-METAL  TECHNOLOGY 


1-1.  GENERAL  INFORMATION 

The  processing  of  crown  and  bridge  alloys,  such  as  those  described  in 
Volume  1,1  is  limited  to  waxing,  investing,  casting,  and  polishing.  However, 
the  handling  of  alloys  used  for  bonding  to  dental  porcelain  is  more  complex. 
From  the  design  of  the  metal  substructure  to  the  glazing  and  final  polishing, 
one  must  not  only  be  acquainted  with  new  terminology  and  techniques,  but  also 
appreciate  the  multitude  of  skills  associated  with  the  manipulation  of  dental 
porcelain.  This  publication  is  a  programmed  text  in  introductory  porcelain- 
fused-to-metal  (PFM)  technology,  designed  to  familiarize  the  reader  with  an 
array  of  subjects  from  general  information  to  specific  processing  instructions 
for  numerous  casting  alloys. 

The  material  provides  current  information  cn  many  of  the  newer,  non-gold 
base  alloy  systems.  The  technology  employed  to  process  high-gold  content  por¬ 
celain  alloys  is  often  different  from  that  used  for  many  of  these  "alternative 
alloys.  Therefore,  some  adjustments  in  laboratory  technique  are  recommended 
and  the  rationale  for  these  changes  is  presented.  In  light  of  the  advances 
in  dental  technology,  increasing  demands  are  being  placed  upon  both  the  dental 
officer  and  the  dental  laboratory  technician  to  keep  abreast  of  these  changes. 

The  dental  marketplace  abounds  with  new  alloys,  dental  porcelains,  cast¬ 
ing  investments,  and  related  equipment  and  supplies.  Making  sense  of  all  the 
marketing  and  sales  information  is  an  almost  insurmountable  task.  The  dental 
literature,  while  helpful,  does  not  always  provide  specific  guidance,  nor 
answer  many  of  our  questions.  Volume  II,  therefore,  is  a  compilation  of  infor 
mation  obtained  from  laboratory  handling  and  actual  clinical  application  of 
representative  alloys  from  the  various  non-gold  base  alternative  alloy  systems 
This  publication  incorporates  additional  findings  obtained  from  the  literature 
and  from  personal  communication  with  the  manufacturers  and  suppliers  of  the 
materials  tested.  Various  subjects  are  included  in  support  of  the  main  theme 
of  porcelain-fused-to-raetal  alloys,  but  all  these  areas  are  intimately  linked 
to  the  design  and  production  of  the  PFM  restoration. 

The  reader  is  cautioned  that  some  of  the  positions  taken  by  the  author 
represent  his  own  opinions,  which  may  differ  from  previous  teachings.  In 
such  instances,  it  is  hoped  that  the  references,  or  explanations,  provided 
are  adequate  to  justify  alternative  views.  Unfortunately,  many  of  our  best 
reference  texts  simply  can  not  be  revised  quickly  enough  to  incorporate  all 
the  developments  associated  with  the  non-gold  base  alternative  alloy  systems. 
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As  another  example,  even  the  language  of  dental  technology  has  been 
affected.  In  addition  to  adding  new  words  to  our  vocabulary,  the  meanings 
of  some  existing  terms  have  been  revised.  Many  older  expressions  have  been 
discouraged  or  eliminated.  A  more  comprehensive  listing  of  dental  terminology 
is  included  as  a  separate  appendix  at  the  end  of  this  report  (Appendix  D). 

Yet,  some  key  terms  must  be  introduced  now  to  ensure  clear  communication  from 
the  very  beginning. 


1-2.  TERMINOLOGY 

Alloy  descriptions  and  the  terms  used  to  distinguish  between  the  various 
alloy  systems  require  the  use  of  a  specific  technical  vocabulary.  The  fol¬ 
lowing  partial  list  of  defined  terms  is  presented  to  explain  the  specific 
application  of  each  term  in  the  context  of  this  publication.  As  may  be  the 
case  throughout  this  report,  instances  will  arise  when  differences  in  inter¬ 
pretation  exist,  when  compared  with  other  publications.  However,  an  attempt 
has  been  made  to  point  out  such  distinctions  as  they  arise.  The  selected 
interpretation  will  then  be  used  as  consistently  as  is  possible  throughout 
Volume  II.  The  reader  is  advised  to  weigh  the  merits  of  both  explanations, 
and  make  a  personal  interpretation. 

NOBLE  (or  the  noun,  nobility)  -  a  term  applied  to  metals  which  are  corrosion- 
and  oxidation-resistant  because  of  their  inherent  cnemical 
inertness.  There  are  at  least  7  metals  which  fulfill  this 
description:  gold;  and  the  six  members  of  the  platinum- 
palladium  group — ruthenium  (Ru),  rhodium  (Rh),  palladium  (Pd), 
osmium  ( Os), iridium  (Ir),  and  platinum  (Pt).2  Some  authors 
include  silver  (Ag)  as  a  noble  metal  despite  its  tendency 
to  oxidize  in  certain  environments. 3  Apparently,  there  are 
variations  of  nobility,  leaving  the  term  somewhat  difficult 
to  define  exactly. 

NON-NOBLE  -  obviously,  if  noble  metals  will  not  oxidize,  then  non-noble 

metals  will  be  expected  to  form  oxides  or  sulfides.  Silver 
is  frequently  listed  as  a  non-noble  metal  because  of  its 
tendency  to  sulfidize  (form  a  sulfide  tarnish). 

PRECIOUS  -  the  term  applied  to  metals  which,  by  virtue  of  their  scarcity, 
possess  a  high  intrinsic  commercial  value  based  on  supply 
and  demand.  Several  examples  most  likely  to  be  found  in 
dental  casting  alloys  include:  gold,  silver,  the  six  members 
of  the  platinum-palladium  group,  plus  beryllium,  gallium, 
and  indium. 

SEMI-PRECIOUS  -  while  one  of  the  most  frequently  used  terms,  it  is  also  one 
of  the  most  inaccurate.  The  implication  of  the  word  "semi-" 
is  that  one-half  the  alloy  is  precious,  while  the  other  half 
is,  presumably,  non-precious.  No  alloys  meet  this  particular 
definition,  thus  making  the  description  valueless.  Therefore, 
use  of  this  term  should  be  discouraged. 
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NON-PRECIOUS  -  refers  to  those  metals  (or  alloys)  which  are  not  scarce,  and 
do  not  possess  a  high  intrinsic  value,  such  as  nicxel  and 
chromium.  The  designation  "non-precious"  is  regarded  by 
many  as  less  technically  correct  than  the  preferred  term, 
"base  metal."  Despite  this  fact,  non-precious  is  engrained 
in  our  technical  vocabulary  and  enjoys  widespread  use  the 
world  over.  In  fact,  "non-precious"  is  the  term  chosen  for 
use  in  this  text,  to  avoid  any  potential  misinterpretations. 

BASE  METAL(S)  -  the  more  technically  correct  designation  for  non-precious 
metals.  However,  it  has  not  gained  sufficient  popularity 
or  use  to  warrant  substitution  in  this  publication.  When 
used  in  the  literature,  base  metal  should  be  interpreted 
as  a  term  synonymous  with  non-precious. 

1-3.  DENTAL  ALLOY  NOMENCLATURE 

Some  additional  terminology  also  must  be  introduced  at  this  time  to 
ensure  that  no  misunderstandings  arise  in  their  application  within  this 
text.  These  words  may  be  employed  frequently  in  the  descriptions  of  the 
properties,  behavior,  or  use  of  the  many  metals  and  alloys  which  will  be 
discussed.  There  may  be  differing  interpretations  of  these  words  in  other 
reference  material,  so  it  is  vital  that  their  intended  meaning  be  clear  here. 

(PORCELAIN)  BONDING  -  is  the  term  used  to  explain  the  mechanisms  by  which 

dental  porcelain  "attaches"  to  a  metal  substructure.  (This 
subject  is  addressed  separately  in  Section  5.) 

CERAMO-METAL  RESTORATION  -  one  of  several  designations  in  use  today  to 
describe  the  porcelain-fused-to-metal  restoration. 

COPING  -  is  the  term  that  will  be  used  to  identify  the  metal  substructure  of 
single  unit  crowns  designed  for  bonding  to  dental  porcelain. 
The  word  "framework"  will  be  applied  to  the  substructure  of 
a  fixed  partial  denture. 

DEGAS  -  this  term  is  used  to  describe  the  process  of  heat-treating  a  cast 

metal  substructure  in  a  porcelain  furnace  as  one  of  the  pre¬ 
paratory  steps  for  the  application  of  an  opaque  porcelain.  It 
has  been  generally  believed  that,  by  subjecting  the  prepared 
metal  to  elevated  temperatures  (1900  °F)  in  a  reduced  atmos¬ 
phere  (vacuum),  organic  surface  impurities  are  burned  off, 
and  any  entrapped  gaseous  contaminants  are  eliminat'-a  .3  A 
newer,  and  perhaps  more  appropriate  term,  "oxidizing,"  has 
emerged  in  the  literature;  and  this  latter  designation  will 
be  used  throughout  the  text.  (See  the  term  "OXIDATION".) 
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EXTRANEOUS  OXIDATION  -  this  is  a  designation  suggested  by  the  author  to 

describe  oxidation  on  non-porcelain  bearing  areas;  i.e.,  an 
oxide  laver  on  a  surface  not  directly  involved  in  porcelain 
bonding.24  The  extent  of  "extraneous  oxidation"  on  lingual 
collars,  interproximal  struts,  and  facial  collars  may  be 
minimized  by  polishing  these  metal  surfaces  with  a  rubber 
wheel  prior  to  the  oxidation  step.  These  oxides  then,  if 
not  removed,  may  accumulate  during  successive  firing  cycles 
and  impede  final  polishing  for  some  alloy  systems. 

METAL-CERAMIC  RESTORATION  -  is  one  of  many  designations  in  common  use  today 
to  describe  the  porcelain- fused-to-metal  restoration. 3 

OXIDATION  (or  OXIDIZING)  -  is  the  process  in  which  a  metal  substructure 

is  heated  in  a  porcelain  furnace  to  cleanse  the  porcelain¬ 
bearing  surfaces  of  contaminants  and  produce  an  oxide  layer 
for  porcelain  bonding.  The  oxidizable  elements  in  an  alloy 
generate  a  layer  of  oxides  on  the  surface  of  the  alloy. 

These  oxides  are  then  available  to  bond  chemically  with  the 
dental  porcelain. 

PASSIVITY  -  a  metal  may  be  considered  "passive"  if,  through  oxidation  or 
other  chemical  reaction,  it  produces  a  protective  coating 
on  its  surface.  This  coating  then  protects  the  metal  from 
any  further  corrosion,  unless  the  coating  is  broken  by 
abrasive  action  during  chewing  or  cleaning. 

PFM  CROWN  -  the  literal  meaning  of  this  designation  is  "porcelain-fused-to- 

metal"  crown.  This  term  is  preferred  over  other  descriptions 
for  it  applies  to  all  types  of  metal  substructures,  both 
cast  and  non-cast,  and  accurately  describes  the  veneering 
material  as  (dental)  porcelain.  The  term  "metal-ceramic" 
may  promote  the  misconception  that  the  veneer  is,  in  fact, 
some  form  of  ceramic  material,  which  it  is  not.  Within 
this  single  heading  there  will  be  a  differentiation  between 
a  FULL  PORCELAIN  VENEER  CROWN  (porcelain  that  envelopes  the 
facial,  occlusal,  and  lingual  aspects),  as  opposed  to  a 
PARTIAL  PORCELAIN  VENEER  CROWN  (metal  occlusal  or  lingual 
with  facial  porcelain). 

PROCESSING  -  is  used  to  describe  the  collective  steps  and  procedures  involved 
in  the  fabrication  of  a  porcelain-fused-to-metal  restoration, 
from  wax-up  to  final  polish.  While  most  frequently  used  in 
removable  prosthodontics ,  the  term  has  gained  increased 
popularity  in  the  field  of  fixed  prosthodontics. 
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1-4.  EVALUATION  OF  DENTAL  MATERIALS  AND  DEVICES 

In  1966,  the  American  Dental  Association  (A.D.A.)  established  the  Council 
on  Dental  Materials,  Instruments  and  Equipment  (CDMIE)  to  oversee  two  dental 
product  standardization  and  evaluation  programs:  the  Certification  Program, 
and  the  Acceptance  Program.  The  Council's  primary  function  is  to  assist  the 
dentist  in  selecting  safe  and  effective  dental  materials  as  a  service  to  all 
patients.  The  commercial  products  are  evaluated  upon  the  request  of  the 
manufacturer,  or  the  distributor,  or  on  the  initiative  of  the  Council  itself. 
Products  for  which  physical  standards  or  specifications  exist  may  be  evaluated 
under  the  Certification  Program.  In  those  instances  where  no  such  standards 
or  specifications  have  been  established,  the  materials  may  be  submitted  for 
the  Acceptance  Program.  Once  the  safety  and  efficacy  of  a  particular  material 
has  been  demonstrated,  and/or  it  has  been  shown  to  comply  with  an  established 
specification,  the  Council  will  award  the  appropriate  classification.  The 
findings  of  the  Council  are  published  in  Accepted  Dental  Therapeutics  and  the 
Journal  of  the  American  Dental  Association. 5 


a.  The  A.D.A.  Certification  Program 

In  order  for  a  product  to  be  considered  for  the  Certification  Program, 
there  must  be  a  specification  for  that  particular  product.  Presently,  there 
are  3d  specifications,  with  an  additional  23  new  specifications  under  develop¬ 
ment.  °  In  this  program  the  manufacturer,  or  distributor,  certifies  that  a 
product  is  safe,  effective,  and  complies  with  all  the  specifications  approved 
by  the  A.D.A.  In  addition,  all  product  labels  and  advertising  must  conform 
to  the  American  Dental  Association  Advertising  and  Exhibiting  Standards.  The 
product  is  then  tested  by  the  Council's  Division  of  Evaluation  and  Standards 
Development  at  American  Dental  Association  Headquarters  (211  East  Chicago 
Avenue,  Chicago,  Illinois  606ll).  A  material  is  judged  to  be  either  certified 
or  uncertified.  Products  found  to  be  in  compliance  with  the  specification 
are  then  placed  on  the  "List  of  Certified  Dental  Materials,  Instruments  and 
Equipment"  in  the  Journal  of  the  American  Dental  Association.  Once  awarded 
certification, the  manufacturer  may  display  the  A.D.A.  Seal  of  Certification 
in  promotional  material  and  on  product  labels.  Should  there  be  a  change  in 
either  the  manufacturer  or  distributor  of  an  ADA-certified  product,  the 
certification  expires  automatically . 5  The  new  manufacturer  or  distributor 
must  then  resubmit  the  product  for  reevaluation. 

There  is  also  now  a  provisional  certification  designation  for  products 
which  are  safe  and  effective,  but  do  not  meet  some  feature  of  a  particular 
specification. 


b.  The  A.D.A.  Acceptance  Program 

Not  all  dental  products  have  a  physical  standard,  or  ADA  specification, 
as  is  the  case  with  porcelain-fused-to-metal  alloys,  whether  they  may  be  gold- 
base  or  non-gold  base.  In  fact,  approximately  30  generic  areas  of  products 
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are  evaluated  under  the  A.D.A.  Acceptance  Program.  As  with  the  Certification 
Program,  the  manufacturer  or  distributor  may  submit  a  product  to  the  Council 
on  Dental  Materials,  Instruments  and  Equipment.  The  company  seeding  acceptance 
must  also  provide  evidence  of  the  safety  and  usefulness  of  the  particular 
product,  established  through  biological,  laboratory,  or  clinical  evaluation. 

The  manufacturer  must  conduct  the  testing  and  submit  the  results  along  with 
the  product. 

Unlike  the  Certification  Program,  the  A.D.A.  does  not  test  the  materials, 
but  submits  the  results  provided  by  the  manufacturer  to  a  special  board  of  con¬ 
sultants  to  the  Council.  It  is  the  role  of  the  board  to  review  the  data  sub¬ 
mitted  by  the  manufacturer  and  to  make  recommendations  to  the  Council.  The 
Council  then  reviews  the  recommendations  of  the  board  of  consultants  and  places 
the  product  in  one  of  the  three  classifications  in  the  Acceptance  Program: 
Acceptable,  Provisionally  Acceptable,  or  Unacceptable . 5 

The  Council  also  examines  all  promotional  material  and  product  labels  to 
ensure  strict  adherence  to  the  American  Dental  Association  Advertising  and 
Exhibiting  Standards.  As  in  the  Certification  Program,  any  change  in  either 
manufacturer  or  distributor  results  in  the  automatic  expiration  of  the  accept¬ 
ance.  The  product  must  then  be  resubmitted  and  reevaluated. 

c.  Product  Classifications 

1.  Acceptable 

This  is  the  highest  attainable  classification  within  the  Acceptance 
Program,  and  entitles  the  manufacturer  to  display  the  Seal  of  Acceptance  on 
product  packaging  and  advertising.  A  complete  list  of  such  products  appears 
in  the  Dentists1  Desk  Reference-Material,  Instruments  and  Equipment,4  and  is 
published  regularly  in  the  Journal  of  the  American  Dental  Association.  The 
award  of  the  "Acceptable"  classification  is  for  a  three-year  period,  but 
acceptance  is  renewable. 

Provisionally  Acceptable 

This  designation  is  used  when  there  is  reasonable  evidence  of  safety 
and  usefulness,  but  insufficient  data  to  support  the  award  of  full  acceptance. 
The  designation,  "Provisionally  Acceptable,"  may  be  used  on  product  labels  and 
promotional  material  during  the  period  of  the  award.  These  materials  are  list¬ 
ed  after  the  "acceptable"  products  in  the  publications  mentioned  previously. 
Since  these  materials  have  only  "provisional"  acceptance,  they  are  reviewed 
annual Ly ,  and  the  classification  is  not  continued  for  any  more  than  three 
years . 


3.  Unacceptable 

This  designation  is  reserved  for  products  which  may  be  considered 
dangerous,  obsolete,  inferior,  or  useless.  Such  materials  do  not  meet  the 
provisions  of  the  Acceptance  Program. 
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The  A.D.A.  Certification  and  Acceptance  Programs  are  the  two  main 
programs  used  to  assess  dental  products.  Other  avenues  are  available  to 
manufacturers  of  products  not  covered  by  either  of  the  above. 


1-5.  COST  OF  THE  A.D.A.  ACCEPTANCE  PROGRAM 

One  reason  so  few  alloys  in  today's  market  have  been  submitted  to  the 
A.D.A.  for  the  Acceptance  Program  is  probably  financial.  Estimates  of  the  cost 
of  underwriting  the  laboratory  and  clinical  testing  and  supporting  documentation 
range  between  $15,000  and  $30,000.  For  some  .mailer  manufacturers,  there  may 
be  greater  concern  for  competitive  pricing  than  for  the  seal  of  A.D.A.  Accept¬ 
ance.  This  marketing  strategy  is  merely  a  reflection  of  the  apparent  demands 
of  the  alloy  consumers — the  dental  laboratories.  Should  interest  in  the 
Acceptance  Program  suddenly  rise,  then  manufacturers  and  distributors  might 
feel  more  inclined  to  participate  in  such  programs. 

The  cost  of  financing  submission  of  an  alloy  to  such  a  program  would  be 
recuperated  by  an  adjustment  in  the  price  of  alloys.  That  cost  increase  would 
probably  be  small  and  more  feasible  for  the  precious  alloys,  which  offer  some 
latitude  in  profit  margins.  Most  non-precious  alloys  are  so  inexpensive  that 
manufacturers  require  high  volume  sales  to  realize  a  profit.  Yet,  for  fear  of 
loss  of  business,  the  manufacturers  must  meet  their  customers'  demands  for  both 
precious  and  non-precious  alloys.  If  A.D.A.  Acceptance  is  made  a  requirement 
in  alloy  selection,  we  will  find  we  have  few  alloys  from  which  to  choose.  More 
importantly,  those  few  alloys  may  not  necessarily  be  the  best  products  on  the 
market. 


1-6.  USE  OF  THE  A.D.A.  ACCEPTANCE  PROGRAM 

Although  the  PFM  alloys  can  not  be  considered  under  the  Certification 
Program  for  lack  of  specifications,  these  alloys  are  eligible  for  participation 
in  the  Acceptance  Program.  We  recommend  that  you  consider  the  use  of  materials 
which  are  deemed  "Acceptable,"  since  the  seal  ensures  some  measure  of  product 
testing  and  A.D.A.  scrutiny.  In  addition,  such  programs  will  remain  viable 
only  if  manufacturers  are  assured  of  their  merit  and  value. 

Consumer  support  of  the  A.D.A.  Certification  and  Acceptance  Programs 
is  strongly  encouraged  as  a  demonstration  of  the  profession's  concern  for 
safety  and  interest  in  quality  dental  products. 


1-7.  THE  DENTAL  INVESTIGATION  SERVICE  (DIS)  TESTING  PROGRAM 

Hundreds  of  alloys  are  available  today  for  the  fabrication  of  porctla.n- 
fused-to-metal  restoration,  yet  only  42  alloys  are  either  A.D.A.  "Acceptable" 
or  "Provisionally  Acceptable. "7  This  list  of  products  includes  both  the  gold- 
base  and  the  non-gold  base  alternative  alloys.  Although  updated  periodically, 
the  revised  listing  appears  annually  in  the  November  issue  of  the  Journal  of 
the  American  Dental  Association,  and  is  an  excellent  reference. 
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However,  specific  information  on  the  processing,  or  clinical  performance, 
of  these  42  (or  any  other)  alloys  must  be  obtained  either  from  the  dental  lit¬ 
erature  or  directly  from  the  manufacturer.  In  some  instance,  little,  if  any, 
data  are  available  to  assess  the  relative  merits  of  certain  alloys.  As  an 
example,  reports  on  the  behavior  and  performance  of  the  high  palladium  alloys, 
introduced  in  the  early  1980's,  are  only  now  appearing  in  dental  journals.  At 
the  same  time,  even  the  more  established  systems  continue  to  be  scrutinized, 
and  are  reported. 

In  an  effort  to  assess  the  wide  range  of  alternative  alloy  systems,  a 
preliminary  testing  program  was  undertaken  at  Tinker  Air  Force  Base  in  August 
1982.  The  areas  of  interest  in  this  inital  investigation  were  the  non-precious 
systems:  nickel-chromium-beryllium,  nickel-chromium  beryllium-free,  and  cobalt- 
chromium  alloys.  In  the  fall  of  1983,  under  the  auspices  of  the  Dental  Invest¬ 
igation  Service  and  in  collaboration  with  several  alloy  manufacturers  and 
distributors  (Appendix  B),a  more  comprehensive  pilot  testing  program  was  begun. 
Designed  to  examine  the  non-gold  base  systems,  the  project  was  intended  to 
gather  general  information  on  these  new,  alternative  alloys  through  actual, 
"hands-on"  laboratory  and  clinical  evaluation. 

Therefore,  this  report  is  a  compilation  of  information  and  data  gathered 
during  the  course  of  this  3-year  period.  Including  the  work  from  the  early 
testing,  more  than  :30  alloys  have  been  processed  to  produce  nearly  800  castings 
and  over  1000  units,  by  using  10  different  casting  investments. 

1-8.  REFERENCES 

1.  Naylor,  W.  P.,  and  Young,  J.  M.  Non-Gold  Base  Dental  Casting  Alloys: 

Volume  I.  Alternatives  to  Type  III  Gold.  USAFSAM-TR-84-49,  Apr  1985. 

2.  Ney  Technical  Bulletin  tt  109,  A  chemical  view  of  dental  alloys. 

Bloomfield,  Conn.,  1979,  J.M.  Ney  Co. 

3.  Phillips,  R.W. :  Skinner's  Science  of  Dental  Materials,  8th  edition. 
Philadelphia,  Penna.,  1982,  W.B.  Saunders  Co. 

4.  Naylor,  W.P.:  Recastability  of  a  base  metal  alloy.  Quint  Dent  Technol 
7: 027,  1983. 

5.  Dentists'  Desk  Reference:  Materials,  Instruments  and  Equipment, 

2nd  edition.  Chicago,  Ill.,  1983,  American  Dental  Association. 

o.  The  American  Dental  Association,  211  East  Chicago  Avenue,  Chicago, 

Ill.  60611. 

7.  List  of  classified  dental  materials,  instruments,  and  equipment. 

Acceptable.  J.A.D.A.  111:880,  19b5 . 


(v.'vvv: 


.k  /  * 
t  *•  -% 


.  >.  •• .  -• 


.  - >  . 
,V,\  N 

W.V-vV 


SECTION  2: 


DENTAL  PORCELAIN 


2-1.  INTRODUCTION 

There  are  two  main  components  in  the  porcelain-fused-to-metal  restoration: 
namely,  a  metal  substructure  and  a  dental  porcelain  veneer.  Together  they  form 
one  of  the  most  widely  used  restorative  systems  in  dentistry  today.  Therefore, 
a  report  on  the  subject  of  porcelain  alloys  should  be  prefaced  by  an  overview 
of  dental  porcelain  itself.  An  appreciation  of  the  science  of  dental  porcelain 
provides  a  strong  foundation  for  clear  communication  of  information  related 
to  the  properties  and  the  limitations  of  this  restorative  material.  Not  all 
dental  porcelains  are  alike;  however,  they  do  possess  features  which  make  them 
similar  to  one  another,  despite  individual  differences. 

To  better  understand  the  requirements  and  demands  of  the  porcelain-fused- 
to-metal  restoration,  it  is  important  to  begin  with  an  introduction  to  the 
chemistry  of  dental  porcelains. 


2-2.  THE  CHEMICAL  COMPOSITION  OF  DENTAL  PORCELAIN 

Basically,  materials  which  are  referred  to  as  "dental  porcelains"  are 
crystalline  minerals,  such  as  feldspar,  silica,  and  alumina  (aluminum  oxide) 
in  a  glass  matrix.1  Natural  tooth  color  and  opacification  are  obtained  by 
the  addition  of  metallic  oxides  to  the  porcelain  powders.  This  description  is 
actually  an  oversimplification  of  an  otherwise  very  complex  sub j ect . Therefore , 
a  little  more  information  is  necessary  in  order  to  understand  just  what  is 
present  in  the  porcelain  powders,  how  they  were  made,  and  how  and  why  they 
should  be  handled  (processed)  within  specific  guidelines. 

For  example,  the  glass  phase  just  mentioned  is  a  non-crystalline,  or 
amorphous,  solid  produced  by  melting  high  fusing  crystalline  materials  which, 
at  their  melting  point,  form  a  very  viscous  liquid. 2  With  a  glass  matrix 
composed  chiefly  of  feldspar,  some  contend  this  material  is  more  correctly 
referred  to  as  a  "feldspathic  glass,"  or  "dental  porcelain,"  rather  than  a 
"ceramic. "3,^,5  To  avoid  any  confusion,  the  term"dental  porcelain" will  be 
used  instead  of "ceramic,"  and  the  corresponding  casting  alloys  will  be  identi¬ 
fied  as  porcelain-fused-to-metal  alloys  instead  of  ceramic  alloys.  Definitions 
for  these  terms  will  vary,  depending  on  the  particular  reference  source;  but  an 
acceptable  designation  will  be  chosen  and  used  uniformly. 

The  complete  porcelain  maru °actur ing  process  entails  a  series  of  rather 
complex  pyrochemical  reactions. 3  The  crystalline  minerals  (such  as  feldspar, 
silica,  and  alumina)  which  make  up  dental  porcelain  are  mixed  with  alkali  metal 
carbonate  and  borax,  and  then  fired  to  high  temperatures  to  form  a  vitreous 
(glassli<e)  phase. ^  While  the  material  is  still  molten, the  mass  is  quickly 
quenched  in  water  to  actually  preserve  this  glass  phase.-3  The  results  of  this 
entire  operation  are  unique  non-crys talline  solids,  called"frits, "which  differ 
from  other  solids  because  their  atomic  structure  and  properties  are  based  not 
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only  on  their  composition,  but  also  on  their  thermal  history.1*  More 
importantly,  the  glasses  can  be  manipulated,  in  both  the  molten  and  solid 
state,  to  alter  such  properties  as  viscosity,  melting  temperature,  chemical 
durability,  thermal  expansion,  and  even  resistance  to  devitrification  (crys¬ 
tallization).1*  Thus,  the  term  "fritting"  is  used  to  describe  the  process 


of  melting,  blending,  and  then  quenching  these  various  glass  components 
to  achieve  a  desired  end.^ 


Once  the  frits  are  produced,  they  are  ground  to  the  specific  particle 
size(s),  established  by  the  manufacturer  for  that  particular  porcelain. 

Before  the  frits  are  bottled  in  the  containers  we  receive,  opacifying  oxides 
and  colored  oxides  are  added  to  the  powders  to  impart  a  multitude  of  optical 
qualities  for  very  specific  roles.  Different  designations  are  given  to 
each  group  of  powders,  based  on  their  functional  role,  or  color  contribu¬ 
tion.  Normally,  they  are  classified  as  opaque,  dentin  (or  body),  and  enamel 
(or  incisal)  porcelain  powders  with  numerous  color  concentrates,  such  as 
opaque  and  dentin  color  modifiers  and  external  colorants  (or  stains ).° 

These  are  the  basic  components  of  a  dental  porcelain  system,  but  there  are 
actually  several  different  types  of  porcelain. 

In  fact,  three  dental  porcelains  are  generally  recognized,  and  each  is 
classified  according  to  its  respective  maturing  or  fusion  temperature  1; 

HIGH-FUSING  2350-2500°  F  (1288-1371°  C) 

MEDIUM-FUSING  2000-2300°  F  (1093-1260°  C) 

LOW-FUSING  1600-1950°  F  (  871-1066°  C) 

Since  these  powders  are  principally  glass,  with  very  little  free  crystalline 
phase,  McLean  prefers  to  refer  to  them  as  "felspathic"  porcelain,  as  opposed 
to  dental  porcelain  enriched  with  alumina;  i.e.,  aluminous  porcelain.1* 

Each  of  these  dental  porcelains  has  its  unique  properties.  The  high- 
and  medium-fusing  porcelains  are  similar  in  composition  and  microstructure. b 
Denture  teeth  are  usually  made  from  the  high-fusing  porcelains,  while  the, 
medium- fusing  porcelains  are  used  to  fabricate  pontics  (i.e.,  trupontic).^ 

The  low-fusing  dental  porcelains  are  those  which  are  fused  to  a  metal  sub¬ 
structure  to  produce  the  porcelain-fused-to-metal  restoration . ^  They  differ 
from  both  the  high-  and  medium-fusing  porcelains  in  terms  of  composition  and 
microstructure. °  Alumina  is  usually  added,  and  little  or  no  kaolin  is  found 
in  modern  low-fusing  porcelains. 7  Despite  these  obvious  differences,  they  are 
all  regarded  as  dental  porcelains  and  contain  various  percentages  of  some,  or 
all,  of  the  following  ingredients:  quartz,  feldspar,  kaolin,  and/or  alumina. 


a.  Quartz 

Quartz  has  a  high  fusion  temperature,  and  acts  as  the  framework  around 
which  the  other  ingredients  can  flow. 7  Quartz  helps  prevent  the  porcelain  on 
the  metal  substructure  from  slumping  m  the  porcelain  furnace  when  the  material 
is  in  the  liquid  phase  of  the  firing  cycle. 7  In  addition,  quartz  serves  as  a 
strengthener  to  the  porcelain. 7 
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b .  Feldspar 

Feldspar  is  the  main  component  of  dental  porcelains. 7  It  has  been  used 
for  a  number  of  years,  because  this  material  lends  itself  so  well  to  the 
fritting  and  coloring  processes.1*  By  simply  varying  the  balance  of  oxides 
(glass  modifiers),  low  or  medium  fusion  dental  porcelain  can  be  created,1* 

More  importantly,  the  ratio  of  feldspar  to  the  other  ingredients  in  the  mix¬ 
ture  separates  dental  porcelain  from  the  industrial  porcelains. 7  Actually, 
there  are  two  types  of  feldspar  from  which  to  choose:  potash  feldspar, 
and  sodium  feldspar. However,  since  natural  feldspar  is  never  pure,  the 
ratio  of  potash  to  soda  could  vary.1  The  characteristics  which  each  imparts 
to  the  porcelain  are  different  and  need  to  be  controlled. 

1) .  Potash  Feldspar  -  This  type  of  feldspar  is  found  in  the  majority 

of  dental  porcelains,  because  of  the  translucent  qualities  it  adds 
to  the  porcelain. 7  When  melted  between  2280-2730°  F  (1250-1500°  C), 
this  feldspar  fuses  with  kaolin  and  quartz  to  become  a  glass. 6 
However,  the  potash  form  of  feldspar  increases  the  viscosity  of  the 
molten  glass,1  thus  helping  to  control  the  pyroplastic  flow  (slumping) 
of  porcelain,  during  the  firing  process,  to  preserve  the  form  of  the 
restoration. 

2) .  Sodium  Feldspar  -  The  sodium  form  of  feldspar  will  actually  lower 

the  fusion  temperature  of  the  porcelain,  thereby  making  it  more  sus¬ 
ceptible  to  pyroplastic  flow  (slumping),1  but  does  not  contribute 
the  optical  quality  of  translucency  seen  with  the  potash  form. 7  By 
and  large,  sodium  feldspar  is  a  less  attractive  substitute  for  potash 
feldspar. 

During  processing,  the  feldspar  fuses,  decomposes,  and  produces  a  new 
substance,  an  alkali  alumino-silicate,  called  leucite. 7  As  the  firing  cycle 
progresses  the  leucite  is  dissolved,  if  the  rate  of  climb  for  the  porcelain 
is  that  prescribed  by  the  manufacturer. 7  Changes  in  the  firing  cycle  may  pre¬ 
vent  dissolution  of  the  leucite,  and  thus  prevent  a  weakened  restoration  and 
a  decrease  in  translucency  which  reportedly  can  result. 7  Leucite  formation 
is  an  important  process  of  which  to  be  aware  for  another  reason.  When  high 
expansion  dental  porcelains  are  overfired,  they  can  undergo  a  phenomenon  kuouri 
as  devitrification.1*  This  is  a  reversal  of  vitrification,  or  the  formation 
of  a  liquid  phrase,  and  the  return  to  a  crystalline  form  by  the  porcelain,1’ 

The  devitrification  process  is  more  common  to  the  high  expansion  dental  por¬ 
celain,  because  alkali  (such  as  soda  (NaoO)  and  potash  (KpO),  is  added  to 
Increase  the  expansion  of  the  porcelain.  Overfiring  these  porcelains,  in 
the  presence  of  alkali-like  potash,  can  produce  more  leucite  and  lead  to 
devitrification.1*  Fired  porcelain  which  has  undergone  this  devitrification 
process  will  be  structurally  weaker,  and  more  opaque  (appear  cloudy).1* 

However,  fired  dental  porcelain  powders  always  have  a  distinct  amount  of  the 
crystal  phase  leucite  present. 8  These  leucite  crystals  are  important  because 
they  provide  stability  to  the  dental  porcelain  during  fusion. 8  Some  contend 
that  the  devitrification  (crystallizing)  process  is  more  of  an  academic  issue 
than  an  occurrence  likely  to  be  observed  in  dental  laboratories  today 
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c .  Kaolin 

This  third  major  component  is  a  clay,  formed  from  igneous  rock  containing 
alumina. 7  Its  major  role  is  that  of  a  binder,  added  to  increase  the  mold- 
ability  of  the  unfired  porcelain.?  This  characteristic  gives  the  porcelain 
mass,  and  enables  it  to  be  carved.  However,  since  kaolin  is  also  opaque,  it 
is  added  in  very  small  quantities — or  not  at  all^-»5 — thus  precluding  its  in¬ 
corporation  into  the  enamel  porcelains;  for  its  presence  would  reduce  the 
amount  of  incisal  translucency . f 

d .  Alumina 

Alumina  is  considered  the  hardest,  and  perhaps,  the  strongest  oxide. ^ 

Its  coefficient  of  thermal  expansion  is  quite  similar  to  that  of  low-fusing 
porcelains,  thus  making  the  two  materials  structurally  compatible. 6  Alumina, 
which  is  only  slightly  soluble  in  low-fusing  porcelain,  improves  overall 
strength. ^  Alumina  is  also  added  to  increase  the  viscosity  of  the  melt, 
without  opacifying  the  porcelain. **  McLean  developed  a  fourth  variety  of 
dental  porcelain  by  adding  alumina,  between  i*0  and  5 0%  by  weight,  to  low- 
fusing  porcelain  to  form  the  core  porcelain;  and,  by  adding  between  5  and 
10%  free  alumina,  to  create  the  dentin  porcelains. 9  The  resulting  aluminous 
porcelain  is  used  today  in  the  fabrication  of  porcelain  jacket  crowns,  but  is 
not  suitable  for  the  fabrication  of  the  porcelain-fused-to-metal  restoration. 


2-3.  THE  VARIETIES  OF  LOW-FUSING  PORCELAINS 

Today,  numerous  manufacturers  offer  low-fusing  dental  porcelains  which 
frequently  differ  in  terms  of  particle-size  distribution,  handling  character¬ 
istics,  shrinkage,  esthetic  value,  and  cost.  Generally,  each  kit  contains  a 
series  of  opaques,  with  corresponding  dentin  and  enamel  porcelains,  as  well 
as  color  modifiers  for  both  the  opaques  and  body  porcelains.  Corresj^onding 
surface  stain  kits  are  also  available  which  are  compatible  with  the  body 
porcelains.  Porcelain  systems  are  generally  available  in  shades  matched  to 
either  the  VITA  or  the  BIOFORM  shade  guides.  One  porcelain  is  available  to 
match  the  new  IVOCLAR  shade  guide,  which  differs  entirely  from  both  the 
VITA  and  BIOFORM  shades.  A  new  porcelain  system  has  been  introduced  recently 
which  does  not  rely  on  dentin  porcelain  color,  because  shade  matching  is 
reportedly  initiated  by  the  opaque,  and  finalized  by  the  application  of 
surface  shading  porcelains. 

The  newest  additions  to  the  porceLain  family  have  been  the  development  of 

.  *■  ft## .  ftftft 

the  opacous  dentins  (Vita  porcelain  )  and  the  shoulder  porcelains  (Vita  , 
Crystar  ,  and  the  Will-Ceram  porcelain  systems--Fig.  2-l).  However,  none  of 
these  materials  were  examined  as  a  part  of  this  particular  project. 


Will-Ceram  Porcelain,  Williams  Gold  Refining  Co.,  Buffalo,  NY. 
Shademate  Porcelain,  Dentsply  International,  Inc,  York,  PA. 
Vita  Porcelain,  Vita  Zahnfabrix,  Bad  Sackingen,  West  Germany. 
Crystar  Porcelain,  Vident,  Baldwin  Parx,  CA. 
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Figure  2-1.  The  porcelain-fused-to-metal 
crowns  on  uie  maxillary  left  central  and 
lateral  incisors  were  fabricated  with 
porcelain  labial  margins  by  using  Crystar 
Shoulder  Porcelains  (Unitek)  and  Olympia 
metal  (Jelenko).** 


a.  Opaque  Porcelains 

As  their  name  alone  would  indicate,  these  porcelains  are  opaque  in  nature 
by  virtue  of  the  addition  of  insoluble  oxides,  such  as  titanium  oxide  (TiOp) 
zirconium  oxide  (ZrOp),  tin  oxide  (SnOp),  cerium  oxide  (CeOp),  and  zircon 
(ZrOp-SiOp).  Other  oxides  include  rubidium  oxide,  barium  oxide,  and/or  zinc 
oxide.l>^>5,6>7,ll,12,13  These  oxides  have  high  refractive  indices,  so  they 
scatter  light,  rather  than  permit  it  to  pass.11  Generally,  the  oxides  appear 
in  opaque  porcelains  in  amounts  between  8  and  15$,  and  may  be  ground  to  a  very 
fine  particle  size  (less  than  5  jum).^*1^  Woosley  et  al.  have  suggested  that 
small  differences  in  particle  size  might  dramatically  affect  the  ability  of 
opaque  porcelains  to  mask  the  color  of  a  metal  substructure. li+  Equally  as 
important  is  the  nature  of  the  oxide  layer  produced  by  the  metal  substructure 
itself.  The  masking  power  of  an  opaque  porcelain  may  be  influenced  both  by  the 
amount  and  the  color  of  the  oxide  layer  created  by  the  oxidation  (degassing) 
process. 

When  mixed  with  ceramic  and  glass  stains,  these  porcelains  can  be  colored 
to  correspond  with  the  basic  body  shade.11  The  high  densities  of  the  oxides 
require  that  they  be  finely  ground  to  prevent  physical  separation  from  the 
base  porcelain  powders.11  Other  additives  are  introduced  to  simulate  natural 
fluorescence  in  the  opaque  layer.11  This  opaque  layer  serves  two  main  func¬ 
tions:  first,  it  wets  the  metal  surface  and  establishes  a  metal-porcelain 
bond;  and  second,  it  attempts  to  mask  the  dark  color  of  the  metal  oxides. 

The  opaque  powders  are  mixed  either  with  a  special  liquid  or  distilled 
water,  and  generally  are  applied  directly  to  the  porcelain-bearing  areas 
after  the  metal  has  been  oxidized  (degassed).  For  some  alloys,  the  opaque 
may  be  applied  directly  to  the  oxide  layer:  with  others,  the  metal  should 


* 
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Unitek  Corporation,  Monrovia,  CA. 
J.  F.  Jelenko  &  Co.,  Armonk,  NY. 
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first  be  air-abraded  to  remove  the  initial  oxide  film.  With  a  few  of  the  mv 
high  palladium  alloys,  no  oxidation  is  performed;  so  the  opaque  porcelain  may 
be  applied  directly  to  the  finished  casting  immediately  after  air-abrading  and. 
cleaning.  Regardless  of  the  particular  post-oxidation  treatment,  apply  a  thin 
layer  of  opaque  liquid  (or  distilled  water)  to  the  porcelain-bearing  area  prior 
to  the  application  of  the  opaque.  The  liquid  will  fill  the  tiny  pores  on  the 
metal  surface  and  wet  the  metal  surface.  As  a  result,  no  liquid  is  drawn  from 
the  wet  opaque,  a  process  which  would  dry  out  the  mix  and  inhibit  even  coverage 
The  liquid  will  not  only  draw  the  opaque  to  the  metal  surface  and  promote  more 
complete  coverage,  hut  will  help  to  prevent  opaque  bubbling.  The  metal  subsiruc 
ture,  with  dried  opaque,  is  then  vacuum-fired  in  a  porcelain  furnace,  according 
to  the  porcelain  manufacturer's  instructions,  to  a  predetermined  maximum  temper 
ature  (1725-1850  °F)  at  a  specified  rate  of  rise  (90°F/min  or  greater).  This 
high  temperature  setting  is  generally  slightly  above  the  maturing  temperature 
of  the  body  porcelains,  to  reduce  the  likelihood  of  opaque  dispersion  into  the 
body  layers.® 

Many  now  recommend  a  two-stage  opaquing  process,  rather  than  attempting  to 
mask  the  metal  with  one  thick  layer.  The  first  application  of  opaque  is  simply 
a  thin  layer  to  initiate  the  bond  with  the  metal  oxides  and  permit  the  diffu¬ 
sion  of  gases,  or  other  possible  contaminants. 9  The  second  application  of 
opaque  should  cover  thin  spots  and  mask  any  remaining  gray  areas. 9 

In  general,  opaque  dental  porcelains  have  two  major  weaknesses.  First, 
they  can  not  be  glazed,  so  any  exposed  opaque  should  be  covered  with  a  body- 
porcelain  and  refired.  Second,  they  tend  to  be  very  bright  (high  value)  and 
if  insufficient  body  porcelain  covers  them,  they  will  make  the  restoratio 
stand  out.  The  high  value  is  responsible  for  what  is  often  referred  to  <.-•  I1, 

"lemon  drop,"  or  "halo"  effect  in  an  anterior  crown  when  the  body  porcelain  u 
thinned  at  the  incisal  one-third.  Proper  two-plane  tooth  reduction  can  i  n,, 
this  problem,  however. 

The  exact  thickness  of  opaque  to  mask  the  metal  and  the  oxides  will  not.  oi 0  y 
vary  between  dental  porcelain  systems,  but  will  vary  for  different  shades  n: 
the  same  porcelain. > 15  Barghi  and  Lorenzana  reported  an  opaque  film  ; M; - 
ness  between  0.2  and  0.3  mm  to  he  appropriate  in  one  comparative  study  •  ■  ■ 

VMK  63  and  Ceramco  porcelains. 15  They  also  noted  that  the  necessary  1 

of  opaque  (0.3  mm)  required  body  porcelain  thicknesses  between  0.5  and  ]  0  nm 
to  match  the  shade  guide. 15  Woosley  et  al.  examined _ the  opaques  from  fiv-  -e 
tal  porcelains  ( Vita-VMK-08*,  Ceramco  "b"**’  Biobond*** ,  Neydium  "B1,  '**  .-  e. 

Will-Ceram  ),  and  noted  substantial  differences  in  masking  power.  Cer 
"B"  had  the  highest  relative  masking  power  in  four  of  the  five  shades  ter.,  ', 
and  was  second  highest  for  the  fifth  shade.  Neydium  "B"  was  second  in  i'r-c'- 
the  five  tests,  and  third  in  the  remaining  two.  Eiobond  was  firm,  in  :  < 


Vita  Zahnfabrik,  Bad  Sackingen,  W.  Germany. 

Ceramco,  Inc.,  Johnson  &  Johnson,  Inc.,  E.  Windsor,  \.i . 
Dentsnly  International,  Inc.,  York,  PA. 

J.  M.  Ney  Company,  Bloomfield,  CT. 

Williams  Gold  Refining  Co.,  Buffalo,  NY. 
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second  in  another,  and  third  for  the  remaining  three  shades.  Vita  VMK-68  was 
fourth  for  four  shades  and  last  for  the  fifth  test.  Will-Ceram  had  the  lowest 
relative  masking  power  in  four  of  the  five  shades,  and  was  fourth  for  the  fifth 
shade.  Statistically  speaking,  Ceramco  "B"  was  significantly  higher  than  the 
remaining  opaques  for  only  one  shade  (65).  In  the  remaining  four  test  shades, 
the  differences  were  relative  values  and  not  great  enough  to  be  statistically 
significant  . 

Avila  et  al .  subjected  the  opaques  of  the  three  dental  porcelains  (Vita-VMK-68 , 
Ceramco,  and  Biobond)  to  varied  opaque  firing  cycles. They  reported  that 
color  changes  did  result  with  alterations  to  the  recommended  firing  schedules. 

In  fact,  most  color  changes  occurred  when  the  opaques  were  fired  less  than 
10°  C  below  the  recommended  firing  temperatures.  °  In  addition,  no  noticeable 
color  changes  could  be  detected  by  their  ten  observers  when  the  opaque  porce¬ 
lains  were  overfired  by  60°  C.-*-°  More  Importantly,  this  study  substantiated 
the  finding  that  opaque  masking  power  varies  among  dental  porcelains.  The 
color  of  Biobond  porcelain  was  less  affected  by  firings  at  varied  temperatures 
than  either  Ceramco  or  Vita-VMK-^8.  Avila  et  al.  and  Barghi  used  a  high-gold 
content  porcelain  alloy  (Jelenko  "0"  )  for  the  metal  substructure. 15, Id 

In  a  recent  report,  Lacefield  et  al.  noted  color  changes  in  dental  porcelain 
as  a  result  of  repeated  firings  using  palladium-base  alloys,  rather  than  gold- 
base  metals. ^  In  this  study,  0.1  mm  of  opaque  and  0.75  mm  of  body  porcelain 
were  placed  on  disks  of  a  high-palladium-copper,  a  high-palladium-cobalt,  a 
palladium-silver,  and  a  gold-palladium  alloy.  Four  specimens  of  each  type  were 
fired  and  glazed  using  conventional  techniques.  Each  disk  was  cut  in  half,  and 
one  half  was  subjected  to  5  additional  firings  at  1725  °F.  The  other  half 
served  as  the  control  group  and  was  not  refired.  Chromascan  measurements  were 
taken,  along  with  visual  examinations  by  4  clinicians.  Significant  decreases 
in  "value"  were  detected  in  those  specimens  subjected  to  repeated  firings.  In 
the  visual  inspection,  the  examiners  were  able  to  observe  a  significant  color 
difference  between  the  specimens  for  the  high-palladium-copper  and  the  high- 
palladium-cobalt  alloys.  Some  of  the  minor  alloying  elements  were  found  to 
have  actually  diffused  into  the  porcelain  as  far  as  50  fm,  or  more,  as  in  the 
case  of  gallium.  The  authors  concluded  that  the  presence  of  high  concentra¬ 
tions  of  certain  met  a  Is  in  the  porcelain  may  have  accounted  for  the  lowering 
of  the  shade  value.  The  five  additional  firings  may  have  been  responsible 
for  the  diffusion  of  them  metals. If  The  dental  porcelain  used  was  not 
identified, nor  were  the  results  for  the  palladium-silver  or  gold-palladium 
specimens  inelu.h-:.  A  point  of  interest  in  this  study  is  the  thickness  of 
ope^'  le  used  for  eHch  of  the  specimens  (0.1  mm).  A  dimension  of  0.1  nm  is 

trd  to  one-half  the  recommended  thickness  for  the  opaque  layer;  and  this 
xacc  leads  one  to  wor.der  if  the  results  might  have  differed  if  0.2  or  0.3  mm 
of  opaque  had  been  us»-!7 

In  a  relate  1  .-tuiy,  Jaeovtdes  et  al.  tested  the  masking  power  of  several 
opaques  on  3  pal i  idium-base  alloys  (high-pal  ladium-copper,  high-palladium- 
cobalt,  and  r  a  1  laii  ;m-s i  * v<--r )  as  well  as  on  a  gold-palladium  alloy.-'-®  Using 
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a  0.1-mm  opaque  layer  and  both  the  Chromascan  and  visual  observation,  Jacovides 
et  al.  noted  that  certain  high-palladium  alloys  were  more  difficult  to  mask 
than  others.  Only  the  high-palladium-copper  specimen  with  Ceramco  II  was 
specifically  named  as  manifesting  a  decrease  in  value,  chroma,  and  a  change 
in  hue.  In  addition,  no  significant  differences  in  color  could  be  identified 
between  alloy  groups  when  Biobond  opaque  porcelain  was  used.  The  authors 
also  concluded  that  with  certain  high-palladium  alloys  (unnamed),  a  thicker 
opaque  layer  will  be  required  with  certain  porcelains  (not  specified  in  this 
abstract) .  As  emphasized  previously,  an  opaque  layer  between  0.2  and  0.3  mm 
is  generally  recommended,  especially  for  the  high-palladium  alloys. 

Our  general  observation  is  that  color  changes  may  occur  in  dental  porcelain 
as  a  function  of  the  inherent  oxidation  behavior  of  the  particular  alloy  system 
or  group.  Even  under  optimal  conditions  (an  opaque  thickness  of  0.2  to  0.3  mm), 
undesirable  color  transformations  may  occur.  For  example,  alloys  in  the  high- 
palladium-copper  group  produce  a  gray-to-brown  oxide  which  may  be  responsible 
for  a  lowering  of  the  value,  and  a  "graying"  of  the  dental  porcelain.  The  blue- 
gray  oxide  layer  of  the  high-palladium-cobalt  alloys  may  result  in  a  "bluing" 
of  the  dental  porcelain. 


b .  Body  Porcelains 

There  are  actually  3  traditional  types  of  porcelain  powders  which  are 
collectively  referred  to  as  "body  porcelains:"  dentin  (or  gingival)  shades; 
enamel  (or  incisal)  shades;  and  modifiers.^  They  are  all  low-fusing  porcelain 
powders,  but  are  distinguished  by  the  amount  of  oxide  colorants  in  the  case  of 
dentin  and  modifiers,  and  the  virtual  absence  of  color  in  enamels. 6  The  desig¬ 
nations,  dentin  and  enamel,  are  preferred  by  the  author  because  they  better 
represent  the  intended  roles  of  these  particular  porcelains.  As  an  example, 
dentin  porcelain  may  be  placed  in  the  incisal,  or  occlusal,  one-third  to 
support  the  incisal  edge,  or  a  cusp,  and  is  not  limited  to  placement  in  the 
gingival  one-third  of  the  tooth.  At  the  same  time,  enamel  porcelains  can 
be  applied  from  the  incisal  one-third,  through  the  middle  one-third,  and  be 
subtly  blended  into  the  dentin  porcelain. 

All  three  porcelains  have  the  same  chemicaL  and  physical  properties,  so 
they  may  be  intermixed  freely  for  custom  shading. 6  The  modifiers  are  color 
intense,  and  the  dentin  porcelains  are  color  predominant,  while  the  enamel 
porcelains  are  color  reduced.  What  makes  all  three  the  same  material,  yet 
with  a  different  appearance,  is  the  intensity — or  lack  t lie roof — of  metallic 
oxide  pigments. ^ 

Listed  next  are  several  of  the  pigments  which  mi-Tht  be  used  to  obtain 
some  basic  color  effects: 


Ceramco,  Inc.,  .Johnson  &  Johnson,  Last  Win  i. NJ . 
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YELLOW  - 


GREEN  - 


PINK 


WHITE  - 


BLACK  - 
GRAY  - 


One  of  the  predominant  colors  in  most  teeth  is  derived 
from  either  indium  or  praesodymium  (lemon),  both  of  which 
are  stable  pigments.  Vanadium-zirconium  or  tin  oxide, 
diluted  with  chromium,  are  also  used  but  are  less  stable. 

Is  developed  from  chromium  oxide  but,  having  the  character¬ 
istic  color  of  glass,  is  avoided  in  dental  porcelain. 

Comes  from  either  chromium-tin,  or  chrome-alumina,  and 
helps  eliminate  the  greenish  hue  in  the  glass,  thereby- 
creating  a  warm  tone  to  the  porcelain.  Although  these 
pigments  are  stable  only  to  a  temperature  of  1350  °C, 
they  are  useful  in  low-fusing  porcelain. 

Is  achieved  through  the  use  of  opacifiers  such  as  cerium 
oxide,  titanium  oxide,  and  zirconium  oxide  (zirconia), 
with  zirconium  oxide  being  the  most  popular. 

Is  produced  by  iron  oxide. 

Is  derived  from  platinum  gray,  or  by  diluting  iron  oxide. 


BLUE  -  Is  obtained  from  cobalt  salts  and  used  for  enamel  shading. 


Body  porcelain  powders  are  normally  color-coded  with  organic  dyes  so  that 
the  dentin  powders  are  pink  and  enamel  powders  are  blue.  The  body  modifiers 
take  on  the  particular  color  of  the  inherent  pigments.  Some  brands  of  dental 
porcelain  are  not  color-coded  for  identification,  but  liquid  colorants  (color 
tags  )  are  provided  in  both  red  and  blue.  These  liquids  are  color  intense; 
and  the  technician  must  color-code  each  mixture,  since  both  the  dentin  and  the 
enamel  powders  are  white.  Some  technicians  prefer  to  use  various  color  tags 
to  highlight  modifiers  and  areas  of  custom  shading  and  characterization  during 
the  build-up  procedure. 

Through  custom  color  tags,  mixtures  of  A- 3  and  A-3.5  on  the  same  glass 
mixing  slab,  can  be  transformed  into  two  distinct  variations  of  pink.  Without 
such  differentiation,  the  two  mixes  of  standard  color-tagged  porcelain  would 
appear  the  same  color.  The  technician  would  have  to  identify  the  various 
shades,  either  by  location  or  marking  the  mixing  pad.  Once  the  porcelain  mix 
is  color  identified,  the  technician  establishes  the  proper  consistency  simply 
by  adding  distilled  water  or  a  special  modelling  liquid.  The  special  liquids 
do  not  dry  out  as  rapidly  as  distilled  water,  and  are  most  helpful  for  the 
build-up  of  multiple  single  units  or  for  fixed  partial  dentures.  Tap  water 
should  NEVER  be  used  with  dental  porcelain;  for  it  Is  generally  impure,  and 
these  impurities  could  contaminate  the  dental  porcelain  and  adversely  effect 
the  fired  restoration. 

The  properly  mixed  combination  of  body  porcelain  powder  (and  modifiers— 
if  desired)  and  distilled  water  (or  special  liquid)  is  placed  on  all  the 


*  Artis-Tech  Porcelain,  Rx  Jeneric  Gold  Company,  Wallingford,  CT. 
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po r c e la i n-b earing  areas  of  the  metal  substrate;  dried;  and  then  vacuum-fired 
to  a  predetermined  temperature.  .Maximum  temperatures  range  from  172a  CF  to 
1800  °F.  The  body  porcelains  actually  will  fuse  over  the  cpacue  porcelain 
with  a  generally  predictable  amount  of  volumetric  shrinkage,  assuming  proper 
condensation (water  elirainaticn)has  been  achieved. The  required  thickness  of  body 
porcelain,  for  acceptable  color,  will  vary  among  porcelain  systems,  as  well 
as  between  shades  within  the  same  system. ■'■5  Barghi  and  Lorenzar.a  reported 
that  thickness  value s_na y  range  from  0.5  to  1.0  mm,  with  a  0.3-mm  thickness 
of  opaque  porcelain. 

As  previously  mentioned,  one  exception  to  this  general  description  is  the 
new  Shaaemate*  porcelain  system  in  which  a  relatively  achromatic,  high  value, 
build-up  porcelain  is  used  to  build  the  restoration  to  full  contour. 9  There 
are  no  dentin  or  enamel  porcelains  to  add  and  cut  back.  In  view  of  the  wide 
range  of  PFM  alloys  on  the  market,  two  build-up  porcelains  are  available:  one 
for  low  to  medium  thermal  expansion  alloys  (Low);  and  one  for  medium  to  high 
thermal  expansion  metals  (Regular).  Special  surface  shading  porcelains  are 
used  to  achieve  color  matching.  This  elimination  of  the  cut-back  procedure 
and  the  application  of  internal  color  (aside  from  the  opaque)  can  reduce  the 
amount  of  time  the  technician  must  spend  on  the  build-up  procedure.  However, 
one  disadvantage  is  the  great  reliance  on  surface  color  and  characterization, 
as  opposed  to  the  development  of  color  depth  by  layering  (internal  character¬ 
ization),  as  with  the  more  conventional  dental  porcelains.  Nonetheless,  the 
Shademate*  porcelain  system  may  be  acceptable  for  posterior  restorations,  and 
of  particular  value  to  high  production  dental  laboratories. 


c.  Stains  and  Glazes 

Unlike  the  opaque  and  body  porcelains,  stain  powders  contain  less  silica 
or  alumina  and  more  sodium  and  potassium  oxide,  plus  special  colorant  oxides. ° 
Stains  also  differ  from  color  (body)  modifiers  in  their  high  concentration 
of  color. ^  The  higher  oxide  content  gives  both  stains  and  glazes  a  greater 
fluidity  at  temperatures  above  lo00°  F.^  Stains  are  mixed  with  lower  fusion 
point  glasses,  not  to  dilute  the  intensity  of  color,  but  to  ensure  their  fusion 
below  the  maturing  temperature  of  the  dentin  and  enamel  porcelains.  These 
stains  allow  the  development  of  surface  characterization  and  color  modification 
for  custom  shading  matching  or  harmonizing.  Body  modifiers,  on  the  other  hand, 
are  added  to  and  fired  with  the  body  porcelain. 

Stains  are  balanced  to  correspond  with  the  coefficient  of  thermal  expansion 
of  the  body  and  opaque  porcelains.  Nonetheless,  these  materials  should  NOT  be 
routinely  intermixed,  since  the  stains  have  a  higher  fluidity.  It  is  better  to 
alter  dentin  and  enamel  porcelain  color  with  body  or  enamel  modifiers  than  to 
use  surface  stains  internally. 

Glazes  are  generally  colorless  porcelain  powders  with  considerable  fluidity 
at  high  temperature.  Glazes  are  employed  to  ensure  that  the  external  porcelain 
surface  portrays  a  sheen  or  glassy  appearance  much  like  a  natural  tooth.  To 
the  highly  skilled  ceramist,  color  development  begins  with  the  opaque  layer, 

*  Dentsply  International,  Inc.,  York,  PA. 
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is  enhanced  by  the  body  porcelains ,  an  s  is  highlighted  by  a  natural  (or  self) 
glaze.  Surface  stains  and  glazes  do  not  juite  provide  the  finite  optical 
qualities  of  a  nature:  dental  porcelain's  natural  glaze.  They  are  surface 
characterizations  ani,  as  s.csr.,  refract  light  iifferently  than  internal  color 
modification-  venoere ;  by  -liber  dentin  or  enamel  porcelain.  Despite  these 
limitations,  stains  are  oft-;,  a  sal  vat  ion;  for  they  enable  the  technician  or 
clinician  fr  ar-niev*'-  ssrr.--  measure  •  f  tt  r  correct  ion  and  compensate  for  some 
shade  i is -re:  ar  -1-  ■.  ;•  .  a  i  •:  restoration  that  has  a  hign  value 

(brightness)  can  b-  .ms  .re  en.  i!>  a  :  just-d  than  one  with  a  low  value.  In  other 
words,  if  the  ;  art.  :"..l  ar  shau>-  ; unsat  isfactory,  porcelain  may  be  darkened 
more  reo  .;  i  L.v  than  ;•  u-  .  *,vi  :. 

Although  o*  tin.  m ;  uf?  «re  ,;s*fm  in  the  estaol  ishraent  of  harmony  of 
color  with  a: jaceut  teeth  or  restoration.;,  glazing  can  potentially  have  an 
adverse  of  fe  'l  or.  o-  -  1  u~a  !  cor.  tear  anu  occlusion.  A  vertical  dimensional 
change  in  cusp  at.  i  fossa  heiw.nt  reporteJiy  wild,  occur  during  the  glazing  pro¬ 
cess..  "u  H.-h  .  n  .  .  suggest-;  the  ns-  of  opaque  cones  to  support  cusps]  porcelain, 
adjustment  of  ore! us  in;  after  an  initial  glaze,  and  regia  zing  to  minimize  the 
•  ».rrs > u n t  -f  j  i  s  torti o n .  ' 


2-U.  OXIDATION  f Degassing)  OF  THE  KETAL  SUBSTRUCTURE 

The  pro-.'-ss  of  hea' .-treat  i ng  a  metal  substructure,  in  either  atmosphere 
or  vacuum,  to  cleanse  the  torce lain-bearing  surface  and/or  to  develop  an  oxide 
layer  for  porcelain  bonding  is  termed  "oxidizing"  (or  degassing) .  The  subjects 
of  metal  prej  ar  ■,  t  ion,  oxidation,  aria  porcelain  bonding  are  discussed  in  much 
greater  ietai.i  in  flections  3  anu  a. 


2-5.  METHODS  OF  PORCELAIN  CONDENSATION 

After  the  porcelain  powders  have  been  mixed  with  the  appropriate  liquid 
to  a  proper  consistency,  they  must  be  applied  to  the  metal  substructure,  con¬ 
densed,  and  fired  (sintered).  Although  the  process  may  sound  simple,  it.  is 
not  always  performed  correctly,  and  can  result  in  a  w an,  anesthetic  restora¬ 
tion.  The  condensation  procedure  is  simply  an  effort  to  pack  the  porcelain 
particles  together  by  eliminating  the  liquid  medium  and  air  from  the  build-up 
(stacked  porcelain).  Any  air  bubbles  present  in  the  unfir.d  stat-  become 
voids  in  the  fired  porcelain,  and  can  leave  the  restoration  structurally  weak. 
These  voids  also  occupy  space  which  is  intended  for  porcelain  particles,  and 
thus  can  adversely  affect  the  color,  as  well  as  the  optical  qualities,  of  the 
restoration  by  increasing  its  opacity. 

Hence,  the  better  the  condensation,  the  less  water  and  air  will  remain 
in  the  packed  pow ;er  before  firing.  The  greater  the  compaction  of  particles, 
the  stronger  the  fired  porcelain,  and  the  more  likely  the  final,  restoration 
will  approach  the  antic Ipatei  esthetic  expectations.  Success  in  porcelain 
condensation  is  affectei  by  several  factors;  (a)  the  size  and.  shape  of  the 
porcelain  particles  (grains ) ; f  ( b )  tne  amount  of  liquid  in  the  mixed  porcelain; 
(c)  the  actual  technique  of  porcelain  condensation; '  (d)  the  amount  of  build-up 
liquid  eliminated  during  condensation and  (e)  the  use  of  vacuum  firing. 


•-»  ^  ^  V  -A  V  *. 
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a.  Particle  Size 

The  strongest  dental  porcelain  will  be  the  one  with  the  greatest  amount 
cf  condensation,  and  the  least  amount  of  air  space.  The  commercial  porcelains 
on  the  market  today  are  frequently  described  as  coarse-grained ,  mixed-grained, 
or  fine-grained.  The  coarse-grained  variety  is  often  considered  the  easiest  to 
manipulate;  it  also  has  the  greatest  amount  cf  firing  shrinkage,  but  may  not 
offer  the  best  esthetic  qualities.  The  large  particle  size  makes  build-up  and 
carving  easier.  Porcelain  systems  of  this  type  are  most  attractive  tc  high 
volume  dental  laboratories,  where  production  must  be  rapid  and  efficient  to 
maintain  a  competitive  edge  in  the  marketplace. 

On  the  other  hand,  the  fine-grained  porcelains  have  been  described  by  some 
as  technique  sensitive  and  more  difficult  to  manipulate.  However,  they  do 
not  shrink  as  much  as  a  coarse-grained  porcelain,  and  produce  some  of  the  best 
esthetic  results.  Handling  a  fine-grained  porcelain  may  not  be  easy  for  a 
technician  accustomed  to  coarse-grained  systems.  The  wet  build-up  may  appear 
to  slump  easily,  particularly  if  condensation  is  not  approached  slowly.  How¬ 
ever,  learning  the  requirements  of  any  porcelain  system  and  how  to  properly 
manipulate  a  particular  material  is  often  a  matter  of  training  and  experience. 
An  individual  initially  trained  in  the  use  of  fine-grained  porcelains  might 
consider  a  coarse-grained  variety  as  technique  sensitive  by  comparison.  There¬ 
fore,  it  may  be  better  to  identify  the  various  dental  porcelains  as  possessing 
their  unique  handling  qharacter istics .  As  such,  they  are  not  necessarily 
"technique  sensitive,"  they  are  simply  different  from  one  another. 

The  mixed-grained  porcelains  occupy  a  position  somewhere  in  between  the 
fine-  and  coarse-grained  systems.  They  reportedly  possess  (due  to  the  varied 
particle  sizes)  the  "feel"  and  the  handling  characteristics  of  a  coarse-grained 
porcelain,  plus  esthetic  properties  approximating  those  of  a  fine-grained 
system. 

McLean  contends  that  packing  density  is  also  affected  by  the  shape  of  the 
porcelain  particles.14  Particles  which  are  rounded  from  a  dry  grinding  process 
tend  to  pack  better  than  a  wet  ground  powder.11  He  believes  that  wet  grinding 
produces  angular  grains  which  can  create  interferences  and  actually  inhibit 
the  porcelain  particles  from  settling  into  position.11  Whether  or  net  such  an 
explanation  is  sufficient  to  explain  variations  in  packing  density  is  unclear. 
Regardless  of  the  processing  method,  wet  or  dry,  the  procedure  itself  involves 
fracturing  large  particles  into  smaller  ones.  It  is  difficult  to  conceive  of 
obtaining  round-edge  particles  with  a  fracturing  technique  simply  by  virtue  of 
the  process  itself. 

b.  The  Wetness  Of  The  Porcelain  Mix 

The  development  cf  a  properly  condensed  restoration  does  not  begin  when  the 
wet  porcelain  is  applies  to  the  metal  subtrate,  but  starts  with  the  mixing  of 
the  dry  porcelain  powc.ers  with  the  build-up  liquid.  If  the  proper  balance 
between  powder  and  liquid  is  not  established,  poor  condensation  is  more  likely 
to  follow.  Therefore,  if  the  porcelain  instructions  do  not  contain  specific 
guidance  on  the  ideal  appearance  of  a  properly  prepared  mix,  contact  the 
manufacturer,  or  ask  a  visiting  technical  representative  for  guidance. 
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Mixing  of  the  body  porcelains  with  any  liquid  medium  should  be  performed 
with  a  glass  rod,  rather  than  a  metal  instrument.  This  step  will  avoid  the 
possibility  of  porcelain  contamination  by  metal  particles.  It  is  difficult 
to  describe  the  appearance  of  a  properly  prepared  mix,  especially  since  some 
manufacturers  recommend  a  different  consistency  for  dentin  and  enamel  porc¬ 
elains.  One  suggested  test  for  the  dentin  mixture  is  to  form  the  mass  in  the 
general  shape  of  a  rectangle.  Pass  a  blade  through  the  middle  longitudinally 
and  liquid  should  fill  the  center,  if  the  porcelain  is  the  correct  consistency. 
Too  wet  a  mixture  can  result  in  running  of  the  porcelain  during  the  build-up 
and  condensation  steps,  "steam  tears,"  and  greater  firing  shrinkage.  On  the 
other  hand,  if  the  mix  is  too  dry,  it  will  appear  thick  and  be  more  difficult 
to  handle.  A  dry  porcelain  mix  may  also  inhibit  the  intimate  contact  with 
either  the  alloy  or  previous  porcelain  layer,  and  result  in  postfiring  checks 
and  cracks,  and  a  poor  bond. 

The  enamel  porcelains  should  be  brought  to  a  slightly  wetter  consistency 
than  the  dentin  mixture  to  avoid  layering  or  incomplete  coverage.  If  the 
dentin  build-up  has  dried  out,  rewet  it  slightly  before  adding  the  enamel 
layer  to  complete  the  contouring  process.  This  step  will  saturate  the  dentin 
porcelain  ana  prevent  it  from  absorbing  the  liquid  of  the  enamel  addition. 


c.  Condensation  Techniques 

The  numerous  different  recommended  techniques  to  condense  dental  porcelain 
are:  (1)  capillary  action;  (2)  vibration;  (3)  spatulation;  (^)  whipping;  and 
(5)  dry  powder  addition  (or  the  Brush  Application- Method) .  3> 11  Each  approach 
has  its  particular  strengths  and  weaknesses,  yet  selection  of  an  appropriate 
method  should  take  into  account  the  skill  level  of  the  technician.  Individual 
variability  among  technicians  and  clinicians,  as  well  as  personal  preferences, 
must  be  considered  when  adopting  a  technique.  Regardless  of  the  method 
or  methods  chosen,  the  body  porcelains  should  not  be  permitted  to  dessicate 
(dry  out)  during  the  condensation  process. 

1.  Capillary  Action  -  The  technique  of  blotting  a  wet  build-up  with 
absorbent  paper  (facial  tissue)  employs  capillary  action  (surface 
tension)  to  withdraw  the  liquid  and  pack  the  particles  together.1 >2 
Ordinarily,  this  step  is  done  in  conjunction  with  one  or  more  of  the 
other  condensation  methods.  Capillary  action  or  surface  tension, 
alone,  does  not  remove  all  the  available  liquid.  The  cyclic  action 
of  vibration,  or  whipping,  followed  by  blotting  is  repeated  until 
free  Liquid  can  no  longer  be  forced  to  the  surface  of  the  porcelain. 

A  delicate  touch  is  all  that  is  necessary  to  initiate  this  mechanism. 

An  overly  aggressive  technique  could  dislodge  the  porcelain  build-up 
from  the  underlying  metal,  and  shift  the  stacked  porcelain  from  its 
intended  position.  One  exception  is  opaque  porcelain,  which  should 
not  be  blotted  because  the  opaque  could  be  lifted  from  the  metal 
surface. 
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2.  Vibration  -  The  easiest  and  simplest  form  of  vibrati  or.  ; 

by  passing  a  serrated  instrument  over  the  r.ecx  of  a  .-.-most  it  '  r: 
the  porcelain  build-up  is  held , ?  or  merely  tapping  the  h  i: 

Those  who  prefer  to  accomplish  the  build-up  directly  or.  the  mas 
simply  vibrate  the  entire  cast.  Once  the  excess  water  is  hroo  • 
the  surface,  the  capillary  action  created  by  blotting  pul  is  the 
out  and  forces  the  porcelain  particles  closer  together.  There 
several  devices  on  the  market  designed  to  provide  mechanical  v i 
such  as  the  vibrating  brushes,  spatulas,  and  ultrasonic  cor.  ions 
are  geared  toward  maximum  efficiency  and  minimal  effort.  The  •; 
equipment  is  often  limited  to  final  condensation,  reserving  tr- 
condensation  for  some  other  method.  Witr.out  some  initial  cor.de: 
the  delicate  wet  porcelain  build-up  will  undoubtedly  slump  .r  r 
equipment  is  helpful,  since  the  ultrasonic  mechanism  has  a  lew  a: 
(little  agitation)  with  a  high  frequency  of  vibrations.1 

Once  the  porcelain  build-up  has  been  dried  and  well  conser.se  i, 
further  agitation  could  disrupt  the  delicate  position  of  tr.e  : 
on  the  metal  substructure. 


3-  Spatulation  -  With  this  form  of  condensation,  a  spatula  or  pa.! 
carver  is  used  to  apply,  then  rub  (or  pat)  the  porcelain  to  dr--- 
liquid  to  the  surface. This  particular  technique  brings  with 
greater  likelihood  of  porcelain  dislodgement,  particularly  if  toe 
pressure  is  used,  especially  with  the  initial  build-up .  An  under 
dislodgement  could  then  result  in  porcelain  cracks.1 

U.  Whipping  -  This  method  may  actually  be  nothing  more  than  a  var. 
of  the  vibration  technique.  As  the  porcelain  is  built  up,  a  jo 
sable  hairbrush  is  used  with  a  gentle  whipping  motion  over  r he  :  . 
lain  surface.  A  slight  vibration  is  producer  vhi ca  then  brings  t 
liquid  to  the  outside  surface  for  blottir.v.  Whirr,  ir.g  has  beer,  r- 
mended  as  especially  useful  for  the  fine-gr  tin*  - :  r  •  reel  tin. 
hazard  is  that  excessive  manipulation  rnig.nt  i::or-a.>-  *.h*  Too: 
fine  particles  when  blotting. 


Drv  Powder  ... iiiticn  -  McLean  refers  to  this  r  - 
-  »»  -  -  -  - 

Application  Met  nod , "  in  which  dry  porc-1  iir.  ; 
area  of  wet  porcelain  surface.4  The  reasonin' 
to  use  the  existing  liquid  to  moisten  the  ar? 
remove  the  liquiu  by  blotting.  The  diffusa . *y 
correct  amount  of  powder  and  placing  the  row:--  : 
positions.  This  is,  perhaps,  the  least  fo  r-:  ; 
available  techniques.  It  is  certainly  more 
dry  powder  ad  dition  increase:  the  possibil  it  ••• 
cut,  prematurely  or  nonuniformly,  and  inter:.  • 
condensati :n  process. 
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2-6.  FIRING  OF  DENTAL  PORCELAIN 

After  the  dental  porcelain  has  been  mixed  properly,  placed  on  the  metal 
substructure  (stacked),  and  properly  condensed,  the  next  step  in  the  fabrica¬ 
tion  of  a  porcelain-fused-to-metal  restoration  is  firing  the  dental  porcelain. 
The  exact  method  of  processing  each  porcelain  is  outlined  in  the  instructions 
which  accompany  each  porcelain  kit.  Although  there  are  a  few  general  rules 
which  appear  to  be  common  to  all  the  systems  we  examined,  the  specific  limits 
for  the  firing  process  do  vary  from  system  to  system,  thus  further  illustrating 
the  individuality  of  the  products,  and  the  distinct  absence  of  standardized 
handling.  The  processing  instructions  for  one  porcelain  may  not  be  successfully 
applied  to  another  similar  appearing  product.  Therefore,  it  is  important  to 
foil  w  the  directions  provided  by  the  respective  manufacturer. 

Despite  the  need  to  adhere  to  the  specific  procedures  recommended  by 
each  manufacturer,  several  basic  principles  apply  to  the  processing  of  dental 
porcelain.  This  general  information  on  firing  porcelain  is  presented  here, 
a.u-.i  is  followed  by  a  brief  description  of  the  products  used. 


a.  Drying 

Regardless  of  whether  the  material  to  be  fired  is  an  opaque  or  a  body 
porcelain,  it  must  be  thoroughly  dried  before  the  firing  program  is  initiated. 
After  a  restoration  has  been  properly  condensed,  common  procedure  is  to  place 
the  "green"  (unfired)  porcelain  at  the  muffle  entrance  for  a  specified  period 
of  time.  The  actual  length  of  the  drying  period  may  range  from  3-10  minutes. 

A  thorough  drying  of  the  restoration  ensures  the  elimination  of  any  liquid, 
remaining  in  the  porcelain  build-up,  which  was  not  removed  through  condensation 
alone.  The  important  feature  of  this  process  is  the  slow  drying  of  the  work, 
.sudden  exposure  to  high  temperatures  by  placing  units  directly  in  the  furnace, 
or  by  beginning  the  predrying  at  too  high  a  temperature,  could  be  harmful  to 
the  restoration.  The  intense  heat  might  result  in  steam  formation  which  could 
o  Low  the  unfired  porcelain  off  the  metal  substructure  or  produce  multiple 
microcracks.  Regardless  of  the  particular  result,  the  outcome  is  one  to  be 
uvoiien.  The  basic  guideline  is  to  start  the  predrying  step  at  a  relatively 
low  temperature  (1000-1292  °F  or  5^0-700  °C)  and  to  allow  ample  time  (5-b  min) 
at  the  muffle  entrance.  The  drying  becomes  more  critical  as  the  mass  of 
unfired  porcelain  increases;  i.e.,  more  risk  for  the  first  body  bake  than  for 
the  first  or  second  opaque  firings. 

Tome  of  the  new  programmable  porcelain  furnaces  divide  the  predrying  pro- 
ce  iure  into  a  "drying"  and  a  "preheating"  step.  Each  phase  of  drying  can  be 
set  at  a  time  most  appropriate  to  the  particular  porcelain  and  specific  firing 
step .  The  preheating  setting  provides  an  opportunity  to  thoroughly  heat  a 
build-up  after  it  has  already  been  dried.  Many  porcelain  furnaces  offer  only 
one  prolonged  drying  cycle  without  a  specific  preheating  step. 

Xu  1 1 iron t  MC,  Dentsply  International,  Inc.,  York,  PA. 
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One  other  function  of  the  drying  process  which  is  often  neglected,  is 
the  elimination  of  the  organic  additives  in  the  porcelain;  namely,  the  color  - 
coded  dyes.  During  the  initial  drying  stage,  the  water  is  removed  and  the 
organics  are  carbonized  (changed  into  carbon),  during  which  process  the  free 
carbon  turns  the  porcelain  a  gray  shade.  Three  factors  are  responsible  for 
the  complete  elimination  of  the  free  carbon:  temperature,  atmosphere,  and  t j rue , 
To  remove  all  the  carbon,  the  predrying  must  be  performed  at  a  temperature  of 
800  °F  with  oxygen  present  (air  firing),  and  for  a  sufficient  period  of  time, 

If  all  the  carbon  is  not  burned  off,  it  will  act  as  a  pigment  in  the  porcelain 
and  cause  discoloration. 


b.  Vacuum  Firing 

All  the  processing  (firing)  of  the  opaques  and  body  porcelains  is  accom¬ 
plished  under  full  vacuum.  Only  the  self,  or  external,  glazing  is  done  with¬ 
out  vacuum  (air  fired).  The  vacuum  is  initiated  and  brought  to  its  maximum 
level  (28~30  mm  Hg)  BEFORE  the  work,  is  fired  to  the  maximum  temperature.  If 
a  manual  oven  is  used,  do  not  raise  the  temperature  and  then  draw  the  vacuum. 
To  do  so  would  mean  the  first  few  minutes  of  firing  were  done  in  atmosphere 
rather  than  in  vacuum. 

Under  vacuum,  the  air  or  atmosphere  is  removed  from  spaces  between  the 
powder  particles  to  permit  the  porcelain  to  shrink  to  a  denser  mass.11  Any 
entrapped  air  would  not  only  be  unesthetic  (increased  opacity),  but  would 
weaken  the  material  structurally.  Vacuum  firing  increases  the  density, 
strengthens  the  porcelain,  and  improves  the  esthetic  quality  of  the  fired, 
restoration  (decreases  opacity).^  Some  porcelains  require  the  vacuum,  to  be- 
released  at  a  particular  temperature,  and  followed  by  air-firing  for  a  short 
additional  period.  Other  porcelains  must  be  held  at  a  maximum  temperature 
for  a  specified  time  to  permit  proper  maturing. 


c.  Temperature  Settings 

Each  brand  of  dental  porcelain  has  a  low-  and  a  high-temper  atui  e  he  if.'  i>g 
for  every  stage  of  firing.  Generally,  the  low,  set  point  temperature 
is  constant;  and  only  the  maximum,  or  high  temperature  has  to  be  varied  S or 
each  individual  procedure.  The  low  settings  may  range  from  1000  °F  (5^0 
to  1292  °F  (700  °C).  The  high  settings  vary  between  1725  °F  (9^0  °C)  and 

i860  °F  (1015  °C)  for  the  two  opaque  firings  and  first  body  bake.  It  is  net 

uncommon  to  reduce  the  maximum  temperature  setting  10  °F  degrees,  or  more  for 
a  second  and  third  body  bake,  if  they  are  required. 

These  setting  are  general  guidelines  which  must  be  adjusted  to  compensate 
for  the  performance  of  individual  porcelain  furnaces.  It  is  important  to 
calibrate  furnaces  periodically  to  ensure  consistent  performance  and  predict 
able  firing  behavior.  In  addition,  vertical  loading  porcelain  furnaces  may 

fire  50-75  °F  higher  than  horizontal  (front)  loading  ovens.  Therefore,  an 

adjustment  In  technique  should  be  made  for  the  particular  equipment,  in  use. 
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d.  Cooling  The  Fired  Restoration 

When  the  firing  cycle  has  ended,  bring  the  work  (units)  to  the  muffle 
entrance  to  begin  the  cool  down.  This  procedure  is  important,  since  dental 
porcelain  conducts  heat  about  1,000  times  more  slowly  than  the  metal  sub¬ 
structure.21  Therefore,  do  not  immediately  expose  the  restorations  to  the 
cooler  outside  environment  (air);  the  thermal  shock  may  cause  the  porcelain 
to  crack.  After  several  minutes,  move  the  sagger  tray  from  the  muffle  en¬ 
trance  to  a  protected  area  adjacent  to  the  furnace.  Do  not  attempt  to  touch 
the  porcelain  until  it  has  cooled  to  room  temperature.  The  metal  and  the 
porcelain  retain  heat  differently,  and  thus  will  cool  at  different  rates. 
Rushing  the  case  at  this  point  could  possibly  result  in  the  generation  of 
cracks,  both  visible  and  invisible.  Any  rapid  exposure  to  a  cool  environment 
(thermal  shocking)  could  result  in  either  immediate  or  delayed  porcelain 
fracture. 

Cracking  of  the  porcelain  during  the  cooling  phase  may  be  indicative  of 
a  porcelain-metal  incompatibility.  Check  with  the  alloy  manufacturer  if  this 
problem  persists  despite  appropriate  cooling  technique. 


2-7.  THE  DIFFERENT  APPEARANCES  OF  DENTAL  PORCELAINS 

As  mentioned  previously,  the  majority  of  manufacturers  color-code  the 
respective  body  porcelains  so  the  dentin  powders  appear  pink  or  red,  while  the 
accompanying  enamel  powders  are  blue.  These  are  the  universal  colors  chosen 
for  these  two  types  of  porcelain,  regardless  of  the  particular  shade  within 
either  of  these  two  categories.  For  example,  the  red  dentin  powder  for  A-1 
(or  59)  would  look  similar  to  that  of  a  C-4  (or  82)  dentin  powder.  This 
comparison  would  also  hold  true  for  the  various  enamel  porcelain  powders. 
Liquid  color  tags  are  commercially  available  for  custom  coloring  of  dentin, 
enamel,  and  modifier  powders. 

The  actual  appearance  of  a  PFM  restoration  will  vary  during  the  different 
stages  of  production:  stacked  and  carved;  predried;  bisque  (low,  medium,  and 
high);  and  glazed  (low,  medium, and  high). 


a.  Stacked  and  Carved  Build-Up 

During  the  initial  stage  of  development,  a  restoration  might  ordinarily 
display  a  red  dentinal  porcelain  color  and  a  complimentary  blue  enamel  layer. 
Any  modifiers  placed  internally  might  be  masked  by  the  intense  red  and  blue 
hues  (colors)  at  this  particular  stage.  Modifiers  located  on  the  external 
surface  would  probably  be  noticeable  initially,  but  could  lose  their  color 
identity  during  condensation  and  blotting  procedures.  Also,  as  the  build-up 
liquid  evaporates  arid  the  stacked  porcelain  begins  to  dry,  the  differentiated 
zones  of  color  tend  to  disappear  or,  at  least,  become  less  distinct.  This 
effect  is  particularly  true  if  the  restoration  is  adjacent  to  a  heat  source 
(lamp,  porcelain  furnace,  etc.).  Even  before  the  actual  predrying  is  begun, 
a  carved  build-up  will  begin  to  dry  if  left  unattended  for  any  extended 
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period  of  time.  When  thoroughly  dried,  the  carved  build-up  will  take  on  a 
"chalky"  appearance,  and  even  a  gentle  touch  of  the  restoration  will  bring 
out  the  dry,  powdery  nature  of  the  porcelain.  No  major  adjustments  to  the 
build-up  should  be  attempted  at  this  stage  without  first  rewetting  the 
porcelain. 

A  new  porcelain  build-up  liquid  (Color  Tru  Liquid  Binder*)  has  been 
developed  which  can  enhance  this  particular  phase  of  dental  technology. 2^ 
Described  as  an  "organic  liquid  binder,"  Color  Tru  liquid  can  be  matched  to 
the  refractive  index  of  each  brand  of  dental  porcelain. 22  Consequently,  the 
wet  porcelain  powders  appear  almost  as  if  they  were  fired  porcelain,  rather 
than  nondescript  masses  of  liquid  pink  or  blue  porcelain  (Fig.  2-2).  As  a 
result,  custom  color  and  shade  modifications  can  be  visualized  before  the 
porcelain  is  actually  fired.  An  unfired  "wet"  shade  tab  could  be  created 
chairside. 

The  uses  for  such  a  liquid  are  numerous  and,  in  all  likelihood,  this 
material  will  prove  instrumental  in  improving  the  porcelain  skills  of  dental 
technicians . 


r.  - 


Figure  2-2.  "Color  Tru"Liquid  Binder, 
mixed  with  dentin  porcelain  rather 
than  distilled  water.  This  special 
liquid  permits  the  color  of  each 
porcelain  shade  to  be  visualized  in 
the  unfired  state. 


b.  Dried 

Most  manufacturers  do  not  recommend  firing  a  wet  porcelain  build-up 
because  of  the  destructive  effects  resulting  from  the  sudden  production  of 
steam.  The  standard  technique  recommended  to  avoid  the  possibility  of  rapid 
heating  of  the  liquid  medium  is  to  employ  a  lengthy  predrying  period.  In  other 
words,  the  porcelain  build-up  is  exposed  to  a  sow- temperature  heat  source, 
usually  the  furnace  muffle,  for  a  specified  period  of  time — up  to  10  rain  for 
some  porcelains.  As  mentioned  previously,  organic  colorants  in  the  various 
body  porcelains  carbonize  and  initially  gray  the  nuild-up.  However,  by  the 
end  of  the  drying  time  the  entire  porcelain  bui : .-up  should  appear  chalky  white, 
and  no  traces  of  moisture  or  organic  colorant..  n._u.d  be  detectable.  At  this 
point,  uhe  restoration  is  still  not  ready  to  be  fired.  The  porcelain  build-up 
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must  be  heated  slowly  and  brought  up  to  the  temperature  of  the  idling  furnace 
To  best  accomplish  this  purpose,  the  restoration  is  gradually  introduced  (or 
walked)  into  the  porcelain  furnace  muffle  if  you  are  using  a  front-loading 
manual  oven.  This  is  a  timed  walk  which  should  take  at  least  5  minutes.  At 
the  end  of  this  period,  the  build-up  should  be  positioned  directly  under  the 
thermocouple,  with  the  bulk  of  the  porcelain  facing  towards  the  heating  coils 
of  the  oven  and  away  from  the  muffle  entrance.  The  muffle  door  is  closed,  a 
full  vacuum  is  drawn,  and  the  restoration  is  fired  to  the  recommended  maximum 
temperature  setting. 

The  automatic  and  programable  porcelain  furnaces  have  made  it  easy  to 
perform  the  preheating  procedure  consistently  and  accurately  for  almost  any 
porcelain  systems.  These  furnaces  have  also  eliminated  the  requirement  to 
manually  walk  the  work  into  the  muffle  and  to  place  the  restorations  in  the 
ovens  correctly.  Avoid  porcelain  furnaces  which  initiate  the  vacuum  before 
the  burning  temperature  of  carbon  is  reached.  The  premature  elimination  of 
oxygen  (vacuum)  can  lessen  the  likelihood  of  total  carbon  removal. 


c.  Bisque  Stages 

Maturing  dental  porcelain  is  dependent  on  both  time  and  temperature.  Each 
porcelain  system  has  a  prescribed  set  of  established  maximum  temperatures  for 
each  stage  in  the  fabrication  process  (opaque,  body  porcelain,  and  glaze). 
Vacuum-firing  a  predried  build-up  of  body  porcelains  produces  a  restoration 
in  the  bisque  stage.  The  appearance  of  the  porcelain  will  vary  with  the 
level  of  maturity  achieved  as  a  function  of  time  and  temperature.  Moreover, 
color  and  translucency  are  particularly  dependent  on  the  level  of  porcelain 
maturity .7 

1.  Low  Bisque  -  This  is  the  least  mature  stage  of  development  in  which 
the  grains  of  porcelain  have  only  begun  to  soften  and  fuse  at  their 
contact  angles. I*1*  Structurally,  the  porcelain  is  both  weak  and 
porous. ^  A  porous  surface  means  the  restoration  is  particularly 
susceptible  to  contamination  until  the  maturation  process  is  complete, 
and  the  outer  surface  is  completely  sealed. 7  The  Dorcelain  may 
appear  opaque,  and  not  display  good  color  and  sheen. l»7 

2.  Medium  Bisque  -  In  this  next  level  of  maturity,  the  porcelain  grains 
have  fused  together  more  substantially,  less  air  (or  atmosphere)  is 
present,  and  some  measure  of  shrinkage  has  occurred. The  porcelain 
is  still  slightly  porous  but  certainly  not  as  much  as  that  in  a  low 
bisque . 4  Air  (or  atmosphere)  which  remains  internally,  and  is  unable 
to  escape  luring  the  sintering  process,  will  remain  in  the  porcelain 
as  voi is.4  With  a  meiium  bisque,  a  sheen  is  more  apparent,  but  the 
porcelain  still  Lacks  full  color  and  r.ransiucency.7 

3.  High  bisque  -  A  high  bisque  is  the  desired  stage  of  matured  porce¬ 
lain  development  in  which  the  grains  have  fused,  and  the  maximum 
amount  of  air  (atmosphere)  has  been  eliminated  for  the  level  of  conden¬ 
sation  and  vacuum  applied.  The  appearance  of  the  external  surface  of 
the  fired  porcelain  may  range  from  an  orange  peel  texture  to  a  smooth 
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sheen.  The  smooth  finish  : 
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d.  Glaze  Stages 

The  manipulation  of  time  and  temperature  during  the  firing  of  dental  por¬ 
celain  can  also  be  applies  to  the  development  of  a  final  glaze.  Teeth  differ 
substantially  in  both  texture  and  sheen,  thus  making  or.e  standard  technique 
for  glazing  impractical.  Since  a  properly  fired  restoration  should  be  sealed 
externally  (high  bisoue) ,  the  glazing  cycle  is  helpful  in  creating  the  parti¬ 
cular  characterizations  of  a  life-like  restoration.  External  (surface)  color 
raodif ications ,  or  highlights,  along  with  surface  texture  adjustments  and  the 
development  of  a  final  sheen,  can  all  be  developed  through  glazing.  A  natural 
(or  self)  glaze  is  generally  preferred  to  an  externally  applied  glaze  and 
usually  produces  a  more  vital  appearance.  Unfortunately,  shade  discrepancies 
between  restorations  and  adjacent  teeth  frequently  require  external  color 
modifications  or  characterizations  (glazing  and/or  staining)  in  order  to 
approach  a  level  of  acceptability. 

Repeated  firings  may  diminish  the  quality  of  a  self-glaze  (autoglaze)  due 
to  a  slight  surface  crystallization,  a  loss  of  porcelain  fluxes,  or  a  change 
in  the  composition  of  the  porcelain  (a  reduction  in  the  glassy  matrix). ^3 

1.  Low  Glaze  -  This  initial  stage  of  glaze  is  just  over  the  level  of 
maturity  for  the  porcelain. 7  The  restoration  may  appear  smooth,  or 
textured,  yet  lack  any  appearance  of  a  high  sheen.  There  are  patients 
in  whom  this  low  glaze  would  appear  acceptable  for  the  glazed  restora¬ 
tion  to  bler.u  harmoniously  with  the  surrounding  natural  teeth. 

2.  Medium  Glaze  -  A  medium  glaze  has  a  higher  level  of  sheen  and  is 
probably  suitable  for  most  patients, :  It  can  be  obtained  from  the 
low  glaze  by  holding  the  restoration  at  temperature  for  a  slightly 
longer  period  of  time.  The  reverse  is  not  necessarily  true,  however. 
If  you  want  a  low  glaze  but  overfire  the  porcelain,  thus  producing  a 
medium  glaze,  you  may  have  to  brear.  the  glaze  and  refire  it  at  a 
lower  temperature  or  for  a  shorter  period  of  time.  This  procedure 


is  necessary  if 
mechanical  mean: 


3U  cannot  dull  the  surface  satisfactorily  through 
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3.  High  Glaze  -  When  a  restoration  is  overfired  because  of  too  much  time 
at  temperature  or  too  high  a  temperature,  or  both,  a  high  glaze  will 
result.  This  stage  of  glazing  is  to  be  avoided  because  the  porcelain 
begins  to  coalesce,  losing  not  only  its  form  but  its  color,  translu- 
cency,  and  strength."*"  Overglazed  crowns  do  not  look  like  teeth,  but 
take  on  a  glassy  appearance  and  look  unnatural.  They  may  also  undergo 
"devitrification"  and  appear  cloudy. ^  Not  only  is  the  porcelain  struc¬ 
turally  weaker,  but  it  also  becomes  more  opaque  as  devitrification 
continues.  If  a  loss  of  form  is  noted,  the  glaze  should  be  removed  to 
permit  refiring  with  additional  body  porcelain  before  reglazing. 
However,  grinding  and  refiring  with  additional  porcelain  is  not  always 
successful,  because  the  added  porcelain  must  carry  the  entire  shade 
burden.  The  porcelain  is  still  overfired,  and  becomes  even  more  so 
with  the  firing  of  the  added  layer.  Consequently,  removing  the  porce¬ 
lain  and  rebuilding  the  restoration  may  be  what  is  actually  necessary 
to  resolve  the  problems  of  overfiring. 


2-8.  DISCOLORATION  OF  DENTAL  PORCELAIN 

No  discussion  of  dental  porcelain  would  be  complete  without  some  mention 
of  the  subject  of  porcelain  discoloration.  Aside  from  inadvertent  porcelain 
contamination  due  to  poor  technique,  the  culprit  for  contamination  to  which 
most  technicians  will  readily  point  is:  silver.  This  topic,  which  is  covered 
in  greater  detail  in  "Section  3,"  can  at  least  be  introduced  at  this  point  to 
clear  up  a  few  misconceptions. 


First:  Despi 
will  not  always  be 
actual  form  of  the 
even  brown,  and  it 
lain. 12  in  the  da 

if  present.  More 
This  particular  do 
two  porcelain  syst 
silver-containing 
oldest  system  is  W 
duced  Artis-Tech  ?■ 
palladium-silver  a 
oeriod . 


te  the  presence  of  silver  in  an  alloy,  the  dental  porcelain 
contaminated ,  and  subsequently  "green."  When  present,  the 
discoloration  may  vary  from  green  to  yellow,  to  orange,  or 
may  only  be  noticeable  in  the  very  light  shades  of  porce- 
rker  shade  ranges,  discoloration  might  not  be  detectable  even 
importantly,  silver  does  NOT  discolor  all  dental  porcelains, 
i.nt  is  not  often  emphasized;  and  few  realize  that  there  are 
eras,  available  today,  which  are  chemically  compatible  with 
alloys  and  therefore  resistant  to  "greening."  The  first  and 
ill-Ceram  Porcelain,  and  the  second  is  the  recently  intro- 
or celain.  We  used  both  of  these  porcelains  with  the 

Hoys,  and  no  discoloration  was  observed  during  our  testing 
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Second :  The  exact  mechanism  of  the  discoloration  process  is  not  fully 
understood,  but  silver  vapors  are*  believed  to  be  at  the  heart,  of  the  problem 
Preventing  the  vaporization  of  silver  from  the  silver-containing  alloys  is 
impossible;  however,  some  of  the  recommended  techniques  are  presented  in.  the 
discussion  of  pal  lad i um-s liver  alloys  in  "Section  3." 
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2-9.  FAST  FIRING  OF  DENTAL  PORCELAIN 

This  is  one  of  the  more  interesting  concepts  that  is  being  promoted,  by 
some  members  of  industry.  Traditionally,  dental  porcelain  has  been  fired 
(sintered)  at  a  rate  of  5o-lCC  c?/min  (52-55  °C/min)  depending  on  the  parti 
cular  porcelain  system  involved.  Suddenly,  interest  has  arisen  in  accelerating 
this  rate  to  levels  up  to  400  °F/min.  The  chief  benefit  to  be  derived  from 
purchasing  a  porcelain  furnace  which  can  provide  this  capability  is  the  sav¬ 
ing  of  TIME.  Yet,  to  mature  dental  porcelain,  a  balance  must  be  maintained 
between  time  and  temperature.  If  the  rate  of  firing  is  increased,  it  would 
be  expected  that  the  porcelain  firing  cycle  would  have  to  be  adjusted  in 
terms  of  temperature  to  compensate  for  the  decreased  firing  time.  The  maximum 
temperature  setting  could  be  increased,  or  the  porcelain  could  be  held  at  a 
prescribed  temperature  for  a  specified  period  of  time. 

If  no  adjustments  are  proposed  to  the  firing  schedule,  then  the  belief 
in  a  traditional  time  and  temperature  relationship  for  porcelain  maturity  is 
to  be  questioned  and  challenged. 

The  benefit  of  fast  firing  at  a  rate  of  400  °F/min  (204  °C/min)  over  the 
course  of  a  normal  7-8  min  cycle  would  be  a  savings  of  approximately  5  min. 
Unfortunately, not  all  manufacturers  support  the  concept  of  fast  firing  l.hcdr 
porcelain  products.  If  they  do  permit  it,  they  stress  the  need  to  adjust 
the  high  temperature  setting  or  extend  the  hold  time,  if  one  is  normally 
recommended.  These  modifications  do  not  completely  restore  the  time  and 
temperature  recommendations,  and  can  reduce  any  theoretical  time  "savings1, 
attributed  to  the  increased  firing  rate. 

Undoubtedly,  more  information  will  become  available  if  interest  in  this 
concept  gains  momentum.  In  the  interim,  the  respective  dental  porcelain 
manufacturer  should  be  consulted  before  making  such  a  major  modification  to 
the  recommended  processing  instructions. 


2-10.  CLASSIFICATION  OF  DENTAL  PORCELAINS  BY  THERMAL  EXPANSION 

Technical  manuals  contain  a  great  deal  of  discussion  concerning  the 
relationship  between  the  coefficients  of  thermal  expansion  of  the  casting 
alloy  and  the  dental  porcelain.  However,  few  manufacturers  provide  such  tech¬ 
nical  data  with  their  alloy  or  their  porcelain.  The  following  descriptions 
of  the  dental  porcelains  examined  in  this  evaluation  are  provided  solely  .for 
guidance : 


High  Expansion 


Medium  Expansion 


Low  Expansion 


Crv 


Jelenko 
Shaderaate  Reg 
Will-Ceram 


Artis-Tech 
Shademate  Low- 
Vita 
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The  alloy  manufacturers  were  also  asked  to  provide  the  coefficient 
of  thermal  expansion  for  each  alloy  in  the  program.  That  information,  when 
provided,  is  presented  in  the  "Mechanical  and  Physical  Properties"  section 
of  the  respective  alloy  description. 

Although  it  is  now  generally  believed  that  the  coefficient  of  thermal 
expansion  of  the  alloy  should  be  greater  than  that  of  the  dental  porcelain, 
manufacturers  may  be  reluctant  to  provide  these  data  for  several  reasons : 

a.  Although  people  believe  that  the  use  of  the  coefficient  of  thermal 
expansion  can  predict  compatibility,  it  can  not.  There  are  many 
factors  which  make  up  compatibility,  and  the  coefficient  of  thermal 
expansion  is  but  one. 

b.  Coefficients  are  measured  in  a  manner  completely  foreign  to  staniaru 
porcelain  fabrication,  so  they  are  good  only  for  quality  control.  -1* 

c.  Coefficients  are  generally  measured  in  expansion,  while  contraction 
characteristics  are  the  important  parameters  in  actual  use. 2^ 

d.  Reproducibility  of  results  is  unreliable  between  instruments,  as 
well  as  users  of  those  instruments.  If  one  manufacturer  measures 
an  alloy  and  another  the  dental  porcelain,  there  is  no  credibility 
in  comparing  the  two  results. 24 


2-11.  INFORMATION  AHD  PROCESSING  INSTRUCTIONS  FOR  SIX  DENTAL  PORCELAINS 

The  following  material  contains  general  information  about  several  of  the 
dental  porcelains  on  the  market  today,  and  possibly  in  use  at  U.S.  Air  Force 
facilities.  Only  those  systems  which  we  actually  examined  are  included. 

The  firing  schedules  should  be  used  as  guides  only,  since  the  specific 
temperature  settings  and  performance  of  each  porcelain  furnace  will  vary.  More¬ 
over,  variations  can  also  be  anticipated  between  front  loading  and  vertical 
loading  ovens,  as  well  as  between  manual  and  automatic  or  programmable 
furnaces . 

a.  Artis-Tech  Porcelain  (Jeneric)  -  ATTACHMENT  1 

b.  Crystar  Porcelain  (Unitek)  -  ATTACHMENT  2 

c.  Jelenko  Porcelain  (Jelenko)  -  ATTACHMENT  3 

d.  Shademate  Porcelain  (Dentsply)  -  ATTACHMENT  4 

e.  Vita  VMK-68  Porcelain  (Vident)  -  ATTACHMENT  3 

f.  Will-Ceram  (Williams)  -  ATTACHMENT  6 

g.  Cost  Comparisons  of  Various  Dental  Porcelains  -  ATTACHMENT  7 
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ARTIS-TECH  PORCELAIN 


GENERAL  INFORMATION 


GRAIN  SIZE:  Coarse-grained 


THERMAL  EXPANSION:  Low  Expansion 


AVAILABLE  SHADES:  Vita-Lumin  (A-l  thru  D-4)  and  Bioform  (59“82)  Series. 


DISTRIBUTOR: 

Rx.  Jeneric  Gold  Company 
Jeneric  Industries,  Inc. 

P.0.  Box  724 

Wallingford,  Connecticut  06492 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  243-3969,  Ext.  212  or  310 

COMMERCIAL  PHONE  NUMBER: 
l-(203)  265-7397  (in  Connecticut 
and  outside  U.S.,  call  collect) 


TELEPHONE  CONTACTS: 


REGIONAL  SALES  REPRESENTATIVES: 


Laboratory:  Mr.  Grant  Day  No 

Mr.  Rick  Tobey 
Research:  Dr.  Arun  Prasad 

COST:  The  unit  price  for  each  type  and  size  of  porcelain  is  listed  with 
the  per  gram(g)  price  in  parentheses. 


1  oz.  (per  g)  4  oz.  (per  g) 


8  oz.  (per  g) 


opaque 


$  7.95  ($  0.28)  $  31.80  ($  0.28)  $  63.60  ($  0.28) 


"gingival"  $  " 

"incisal"  $ 
modifiers  $  " 


$  " 
$ 

$  " 


add-on 

porcelain  $  " 

Clear  Glaze  $  22.80  ($  0.60) 


$  " 


6.5  v 


1  oz . 


Pre-mixed  (wet) 
stains 


$  9.60  ($  1.48) 


Color  tags 

(reu  4  blue)  $  3.60 


$8.00 
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CRYSTAH  PORCELAIN 


GENERAL  INFORMATION 


GRAIN  SIZE:  Fine-grained 


THERMAL  EXPANSION:  High  Expansion 


AVAILABLE  SHADES:  Vita-Lumin  (A-l  thru  D-U )  Series  ONLY, 


MANUFACTURER : 

Unitek  Corporation 
2724  South  Peck  Road 
Monrovia,  California  9101b 


TELEPHONE  CONTACTS: 

Training  Lab  Manager 
(Call  person-to-person  collect 
on  the  commercial  number) 


TOLL-FREE  PHONE  NUMBER: 

1-(60G)  423-4 5o8 

COMMERCIAL  PHONE  NUMBER: 
l-(bl8)  445-7960 

REGIONAL  SALES  REPRESENTATIVES: 


COST:  The  unit  price  for  each  type  and  size  of  porcelain  is  listed  with 
the  per  gratn(g)  price  in  parentheses . 

15  grams  (per  g)  50  grams  (per  g)  200  grams  (per  g) 


opaque 


"body” 


"incisal" 


$  8.20  ($  0.55)  $  24.00  ($  0.46)  $  98.80  ($  0.49) 


5  grams  (per  g)  10  grams  (per  g) 


shoulder  N/ A 

porcelains 


$  Li. lb  ($1.12) 


pr.  ww.  t.  >r_  f  _  w.  .r.  jv .  _w.  w  v.  wv.'  .\v_ 
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JELEHKO  PORCELAIN 


GENERAL  INFORMATION 


GRAIN  SIZE:  Fine-grained 


THEHMAL  EXPANSION:  Medium  Expansion 


AVAILABLE  SHADES:  Vita-Lumin  (A-l  thru  D-4),  Bioform  (59“82)  Series,  and 
Bioform  Extended  Range  (51-56,  91“96)  Series. 


MANUFACTURER: 

J.  F.  Jelenko  &  Co. 

99  Business  Park.  Drive 
Armonk,  New  York  10504 


TELEPHONE  CONTACTS: 


Technical  Services  Dept. 


TOLL-FREE  PHONE  NUMBER 
l-(800)  431-1785 

COMMERCIAL  PHONE  NUMBER: 
1-(914)  273-8600 

REGIONAL  SALES  REPRESENTATIVES : 


COST:  The  unit  price  for  each  type  and  size  of  porcelain  is  listed  with 
the  per  gram(g)  price  in  parentheses. 

15  grams  (per  g)  25  grams  (per  g)  175  grams  (per  g) 


opaque  $  7.50  ($  0.50) 


dentin 


enamel 


5  grams  (per  g) 


$  12.50  ($  0.50) 


$  81.00  ($  0.46) 


stains  $  3.b0  ($0.72) 
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PORCELAIN  FIRING  SCHEDULE 
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GRAM  SIZE:  Coarse¬ 
grained 
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SHAD04ATE  PORCELAIN 


GENERAL  INFORMATION 


THERMAL  EXPANSION: 


Low  -  Low  to  Medium  Expansion 
Reg  -  Medium  to  High  Expansion 
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AVAILART-K  SHADES:  Shade  matching  is  achieved  by  the  application  of  external 
colorants  only.  In  theory,  any  shade  guide  may  be  used  which  is  within 
the  range  of  the  available  shading  porcelains  and  external  stains. 

MANUFACTURER: 


Dentsply  International  Inc. 
570  West  College  Avenue 
P.0.  Box  872 

York,  Pennsylvania  17405 


TELEPHONE  CONTACTS: 


Technical  -  Mr.  John  Appelbaum 


TOLL  FREE  PHONE  NUMBER : 
l-(800)  233-9454 

COMMERCIAL  PHONE  NUMBER: 
1-(717)  845-7511 

REGIONAL  SALES  REPRESENTATIVES: 

Yes 


COST:  The  unit  price  for  each  type  and  size  of  porcelain  is  listed  with 
the  per  gram(g)  price  in  parentheses. 

8  grams  (per  g)  1  ounce  (per  g)  4  ounces  (per  g)  8  ounces  (per  g) 
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VITA  VMK-68  PORCELAIN 

GENERAL  INFORMATION 

GRAIN  SIZE:  Fine-grained  THERMAL  EXPANSION:  Low  Expansion 

AVAILABLE  SHADES:  Vita-Lumin  (A-l  thru  D-1+)  Series  ONLY. 

MANUFACTURER: 


Vident 

5130  Commerce  Drive 

Baldwin  Parx,  California  91706 


TELEPHONE  CONTACTS: 

Technical  -  Mr.  Tony  Torres 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  828-3839 

COMMERCIAL  PHONE  NUMBER: 
l-{600)  960-7531 

REGIONAL  SALES  REPRESENTATIVES: 

Yes 
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COST:  The  unit  price 
the  per  gram(g) 

12 

for  each  type  and  size  of  porcelain 
price  in  parentheses. 
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is  listed  with 
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COST  COMPARISON  OF  VARIOUS  DENTAL  PORCELAINS  (per  gram) 


DENTIN  or 

SHOULDER 

OPACOUS 

BRAND 

OPAQUES 

ENAMEL 

STAINS 

POWDERS 

DENTIN 

Artis-Tech 

1,4  or  8  oz. 

$  0.28 

$  0.28 

- 

- 

- 

6.5  g 

- 

— 

$  1.48 

— 

- 

Crystar 

10  g 

- 

- 

- 

$  1.12 

- 

15  g 

$  0.55 

$  0.55 

- 

- 

- 

50  s 

$  0.48 

$  0.48 

- 

- 

- 

20  Og 

$  0.49 

$  0.49 

- 

- 

- 

5  g 

- 

$  1.60 

— 

— 

Jelenko 

15  g 

$  0.50 

$  0.50 

- 

- 

- 

25  g 

$  0.50 

$  0.50 

- 

- 

- 

IT  5  g 

- 

$  0.46 

- 

- 

- 

5  g 

- 

— 

$  0.72 

— 

— 

Shad emate 

8  g 

- 

- 

$  1.42* 

- 

- 

1  oz 

$  0.50 

- 

- 

- 

- 

4  oz 

$  0.45 

- 

- 

- 

- 

8  oz 

$  0.4l 

$  0.30 

- 

- 

- 

3  g 

“ 

— 

$  2.05 

- 

- 

Vita 

12  g 

$  0.57 

$  0.57 

- 

$  0.57 

$  0.57 

50  g 

$  0.53 

$  0.57 

- 

- 

$  0.53 

250  g 

$  0.46 

$  0.46 

- 

- 

- 

3  g 

- 

$  3.20 

- 

- 

Will-Ceram 

20  g 

$  0.51 

$  0.51 

- 

$  0.67 

- 

80  g 

$  0.46 

$  0.46 

- 

- 

- 

240  g 

- 

$  0.43 

- 

- 

- 

3.5  g 

$  2.00 

(-)  =  not  available  at 

this  time 

=  dentin 

and  enamel 

shading  porcelains 

NOTE:  All  price  quotations  are  for 

minimum  orders.  Many  manufacturers 

offer 

additional 

discounts  for  volume  purchases. 

Consult  a  company 

representative  for  current  pricing. 
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ALLOYS  FOR  THE  PORCELAIN-FUSED-TO-METAL  RESTORATION 


3-1.  INTRODUCTION 

Hundreds  of  the  casting  alloys  on  the  market  today  reportedly  possess  the 
capability  to  bond  to  dental  porcelain.1,2  What  makes  these  porcelain  alloys 
different  from  one  another,  and  from  the  alloys  used  in  crown  and  bridge,  is 
their  composition.  An  appreciation  of  the  chemistry  of  dental  casting  alloys 
is  helpful  in  understanding  why  an  alloy  system  has  been  developed,  and  how  it 
is  intended  to  work.  Each  component  (element)  in  an  alloy  plays  a  particular 
role  by  contributing  specific  properties  and  characteristics  to  the  metal.  These 
properties  can  be  altered  in  the  presence  of  other  ingredients,  yet  the  end 
result  generally  is  an  alloy  carefully  shaped  by  a  skillful  metallurgist. 

This  section  begins  with  a  brief  review  of  the  chemistry  of  alloys; 
presents  the  American  Dental  Association  (A.D.A. )  casting  alloys  classifica¬ 
tion  system;  discusses  an  alternative  system  of  classification;  provides  an 
historical  account  of  the  evolution  of  the  various  porcelain-fused-to-metal(PFM) 
systems;  introduces  general  descriptions  of  the  "alternatives"  to  gold-base 
PFM  alloys;  and  examines  various  topics  related  to  PFM  technology.  In  subsequent 
sections,  various  non-gold  base  PFM  alloy  alternatives  are  discussed  individually 
and  in  greater  detail,  amd  processing  instructions  are  included. 


3-2.  THE  CHEMISTRY  OF  PORCELAIN-FUSED-TO-METAL  ALLOYS 

To  appreciate  the  capabilities  and  limitations  of  any  porcelain  alloy, 
having  at  least  a  general  familiarity  with  the  process  of  alloy  development 
is  helpful.  Today's  metallurgist  may  first  create  a  new  alloy,  not  in  the 
laboratory,  through  trial  and  error,  but  at  a  computer  terminal  using  a 
computer-generated  "model."  Since  the  computer  stores  the  properties  of  the 
constituents  to  be  added,  the  percentage  composition  of  each  element  can  be 
manipulated  to  produce  the  desired  properties  for  a  new  alloy.  Although  the 
process  may  appear  simple,  it  is  indeed  complex,  and  requires  laboratory 
testing  and  experimentation.  Other  factors~-such  as  the  purity  of  each 
ingredient  (element),  and  the  sequence  in  which  each  component  is  added--can 
also  affect  the  quality  of  the  final  result.  This  is  an  important  point;  for 
it  indicates  that  two  alloys  may  not  perform  similarly,  despite  the  fact  that 
they  appear  to  contain  the  same  elements  in  the  same  percentages. 

Competition  is  so  keen  in  the  alloys  market  that  comme”cially  successful 
products  are  often  duplicated  by  competitors.  These  "copycat"  alloys  may 
lack  a  particular  trace  element  or  a  unique  processing  step,  since  the  exact 
manufacturing  procedure  is  kept  secret  by  the  developer.  The  end  result  is 
varying  performance  among  what  appear  to  be  comparable  products.  One  of  the 
best  examples  of  this  phenomenon  is  the  interest  in  the  high  palladium  alloys 
with  2%  gold.  Several  variations  on  the  basic  formulation  of  79?  palladium 
and  2?  gold  have  been  offered  to  the  consumer.  What  few  people  realize  is 
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that  two  distinct  groups  of  alloys — a  copper  and  a  cobalt  group  have  this 
same  apparent  composition.  Each  group  has  its  own  particular  advantages  and 
disadvantages,  as  will  be  discussed  in  subsequent  sections.  Although  some 
clinicians  and  technicians  might  assume  that  all  the  products  with  this 
composition  are  the  same,  this  assumption  is  not  always  valid. 

To  better  understand  the  composition  of  PFM  alloys  and  how  these  alloys 
differ,  it  is  helpful  to  review  some  basic  chemistry  and  to  appreciate  the 
properties  of  alloy  constituents. 


a.  What  Is  A  METAL? 

As  familiar  as  metals  might  appear,  they  are  not  easy  to  describe  in  one 
simple  definition. ^  Generally,  in  a  normal  environment,  metals  are  crystalline 
solids — with  the  exception  of  mercury  and  possibly  gallium,  which  are  actually 
liquids  (30  °C  melting  point),  and  hydrogen,  which  is  a  gas. 3  Metals  usually 
are  harder,  stronger,  more  dense  than  non-metals,  and  they  have  a  luster  to  them. 
They  are  good  conductors  (thermal  and  electrical),  and  are  more  ductile  and 
malleable  than  non-metals.  There  are  also  several  different  types  of  metals: 
noble,  light,  heavy,  ductile,  brittle,  low  melting,  high  melting,  rare  earth, 
and  radioactive. 3  Most  of  the  metals  are  frequently  described  also  as  "white, "3 
but  are  actually  gray  or  "platinum"  colored.  Two  exceptions  to  this  general¬ 
ization  are  gold  and  copper, 3  which  are  colored  yellow  (orange)  and  red, 
respectively. 


b.  What  Is  An  ALLOY? 

One  definition  describes  an  alloy  as  "a  metal  that  is  a  mixture  of  two  or 
more  metals."^  However,  an  alloy  is  actually  a  combination  of  two  or  more 
elements,  with  metallic  elements  comprising  the  majority  of  the  mixture. 5  Very 
few  pure  metals  are  used  in  dentistry,  because  the  elements  in  the  pure  state 
do  not  possess  properties  required  for  dental  applications,  the  one  notable 
exception  being  gold  direct  filling  materials  (gold  foils). 


c.  What  is  a  PORCELAXH-FUSED-TO-METAL  ALLOY? 

Four  major  features  distinguish  a  porcelain-fused-to-metal  alloy  from 
those  alloys  used  to  fabricate  all  metal  crowns  (e.g.,  Type  III  gold) — 

First:  A  PFM  alloy  must  be  able  to  oxidize,  or  produce  oxides,  for 
chemical  bonding  with  dental  porcelains.  As  an  example,  the  major  elements 
in  the  non-precious  alloys  are  non-noble.  Therefore,  they  possess  an  inherent, 
or  natural,  tendency  to  undergo  oxidation  when  subjected  to  the  elevated  tem¬ 
peratures  of  a  porcelain  furnace.  The  precious  alloy,  in  particular  the  high 
noble  metal  systems,  behave  in  just  the  opposite  manner.  The  noble  metal 
components  will  not  oxidize  when  heat  treated.  In  order  to  make  these  noble 
alloys  suitable  for  the  norcelain-fused-to-metal  restoration,  trace  amounts 
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of  non-noble  metals  are  added  to  the  alloy  formulation  for  oxidation  to  occur. 
Section  U  explores  the  subject  of  porcelain  adherence  to  metal  in  much  greater- 
detail.  Crown  and  bridge  alloys  also  contain  oxidizable  elements,  although  they 
are  not  added  for  bonding  purposes  as  in  porcelain  alloys. 

Second:  A  PFM  alloy  must  be  formulated  so  its  coefficient  of  thermal 
expansion  is  slightly  greater  than  that  of  the  dental  porcelain  to  maintain 
the  metal -porcelain  bond.  In  other  words,  even  though  oxides  form  and  the 
metal  chemically  bonds  to  the  porcelain,  fracture  of  the  porcelain  may  occur, 
if  the  metal  and  the  porcelain  are  not  thermally  compatible. 

Third:  The  metallurgist  must  balance  the  first  two  requirements  with  the 
technician's  demand  for  ease  of  handling.  Processing  should  not  be  too  tech¬ 
nically  demanding.  Any  alloy  that  is  difficult  to  melt,  cast,  finish,  and 
polish  could  lose  favor,  despite  its  excellent  bond  strength  and  thermal 
properties.  A  good  example  of  this  is  the  resistance  by  many  to  switch  from 
precious  alloys  to  less  expensive,  non-precious  alternatives. 

Fourth:  A  casting  alloy  should  be  biocompatible.  The  safety  of  the 
technician,  the  clinician,  and  the  patient  must  NOT  be  at  risk  as  a  result 
of  the  use  of  a  casting  alloy,  particularly  if  satisfactory  alternatives  are 
available.  Such  a  requirement  should  be  directed  at  both  local  (intraoral) 
and  remote  effects  (systemic)  of  physical  exposure  and/or  tissue  contact  with 
an  alloy.  The  biocompatibility  of  non-gold  dental  casting  alloys  is  addressed 
separately,  and  in  greater  detail,  in  Section  12. 


d.  The  Role  of  Constituent  Elements 

The  following  is  an  alphabetical  listing  of  many  of  the  elements  which 
might  be  included  in  a  casting  alloy. 8  The  exact  role  a  particular  element 
may  play  In  any  given  alloy  could  vary  from  alloy  system  to  alloy  system.  3-.-9 
Yet,  an  appreciation  of  any  system  can  only  be  gained  through  examination 
of  the  properties  of  the  components  of  that  system. 


ALUMINUM  (Al)  -  is  added  to  lower  the  melting  range  cf  a  nickel-base  alloy. 

A1  is  a  hardening  agent  and  influences  oxide  formation.  With  the 
cobalt-chromium  alloys  used  for  porcelain-fused-to-metal  restora.t.i  ons 
It  is  mainly  aluminum  which  is  "etched"  from  the  alloy's  surface  to 
create  microretention  for  resin-bonded  retainers  (Maryland  Bridges' 

BERYLLIUM  (Be)  -  like  aluminum,  lowers  the  melting  range  of  nickel-base 

alloys,  improves  castability,  is  a  hardener,  and  helps  control  ox- de 
formation.  Beryllium  reportedly  also  improves  the  polishability  of 
an  alloy  by  acting  as  a  lubricant  for  polishing  agents,  permitting 
them  to  work  more  effectively.  The  etching  of  nickel-chromium- 
beryllium  alloys  removes  a  Ni-Be  phase  to  create  the  microretent t or 
so  important  to  the  etched  metal  resin-bonded  retainer. 
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BORON  (B)  -  is  a  deoxidizer.  For  nickel-base  alloys,  it  is  a  hardening 
agent  and  an  element  which  reduces  the  surface  tension  of  the 
molten  alloy,  thereby  improving  castability . 5  The  nickel-chromium 
beryllium-free  alloys  which  contain  boron  will  pool  on  melting, 
as  opposed  to  the  Ni-Cr-Be  alloys  which  do  not.  Boron  also  acts 
to  reduce  ductility  and  to  increase  hardness. 

CHROMIUM  (Cr)  -  acts  as  a  solid  solution  hardening  agent,  and  contributes 
to  corrosion  resistance  by  its  "passivating"  nature  in  nickel, 
cobalt,  and  iron-base  alloys. 5 

COBALT  (Co)  -  is  an  alternative  to  the  nickel-base  alloys,  but  the  cobalt- 
base  metals  are  more  difficult  to  process  (due  to  their  hexagonal 
close-packed  atomic  structure).  Cobalt  is  added  to  some  high 
palladium  base  alloys  to  increase  the  coefficient  of  thermal 
expansion,  and  to  serve  as  a  strengthening  agent. 5 

COPPER  (Cu)  -  serves  as  a  hardening  and  strengthening  agent;  lowers  the 

melting  range;  and  interacts  with  platinum,  palladium,  silver,  and 
gold  to  provide  a  heat-treating  capability  in  gold-,  silver-,  and 
palladium-base  alloys.  In  the  high  palladium-copper  alloys,  copper 
helps  form  an  oxide  for  porcelain  bonding,  lowers  the  density 
slightly,  and  can  enhance  passivity. 

GALLIUM  (Ga)  -  is  added  to  silver-free  ceramic  alloys  to  compensate  for 
the  decreased  coefficient  of  thermal  expansion  created  by  the 
removal  of  silver.  (Concerns  over  silver's  potential  to  discolor 
dental  porcelain  have  greatly  limited  its  use  in  systems  other 
than  palladium-silver.) 

GOLD  (Au)  -  provides  a  high  level  of  resistance  to  corrosion  and  tarnish 

(no  associated  passivity);  and  slightly  increases  the  melting  range 
of  an  alloy  while  improving  workability  and  burnishability.  Gold 
can  impart  a  very  esthetically  pleasing  yellow  hue  to  the  alloy 
if  present  in  sufficient  quantity.  However,  this  yellow  color  is 
readily  offset  by  the  addition  of  gray  metals,  such  as  palladium 
and  silver.  Gold  raises  the  density  and  the  cost  of  an  alloy  as 
well.  Gold  is  both  a  NOBLE  and  a  PRECIOUS  metal. 

INDIUM  (in)  -  serves  many  functions  in  gold  base  alloys:  it  is  a  less  volatile 
scavenging  agent;  lowers  the  alloy's  melting  r  inge  and  density; 
improves  fluidity;  and  has  a  strengthening  effect.  Indium  is  added 
to  non-gold-base  alloy  systems  to  form  an  oxide  layer  for  bonding 
to  dental  porcelain.  For  all  -ys  with  a  high  silver  content,  indium 
contributes  to  the  tarnish  resistance. 

IRIDIUM  (Ir)  -  serves  as  a  grain  refiner  for  go  Id-  and  palladium-base  alloys 
to  improve  the  mechanical  properties  and  the  tarnish  resistance  as 
compared  to  non-grain  refined  dental  alloys.  Ir  is  a  member  of  the 
platinum-palladium  group  (often  referreu  to  as  simply  the  "platinum 
sroun").  and  is  both  a  NOBLE  and  a  PRECIOUS  metal. 


—SECTION  3— 


IRON  (Fe)  -  is  added  to  some  gold-base  ceramic  systems  to  harden  the  alloy 
and  aid  in  the  production  of  an  oxide  layer  for  porcelain  bonding. 
Iron  is  also  included  in  a  few  non-precious  alloys,  and  at  least 
one  iron  base  porcelain-fused-to-metal  alloy  is  available. 5 

MANGANESE  (Mn)  -  is  a  hardening  agent  in  nickel,  cobalt,  and  iron  base 

alloys,  but  its  primary  function  is  to  act  as  an  oxide  scavenger. 

In  this  capacity,  Mn  helps  prevent  the  oxidation  of  other  elements 
when  the  alloy  is  being  melted. 

MOLYBDENUM  (Mo)  -  can  be  helpful  in  adjusting  the  coefficient  of  thermal 

expansion  of  nickel-base  alloys.  Molybdenum  also  improves  corrosion 
resistance,  and  influences  the  oxides  produced  for  porcelain  bonding 

NICKEL  (  Ni)  -  has  been  selected  as  a  base  for  porcelain  alloys  because 
its  coefficient  of  thermal  expansion  approximates  that  of  gold, 
and  because  it  provides  a  resistance  to  corrosion.  The  face- 
centered  cubic  atomic  structure  of  Ni  makes  it  easier  to  process 
than  the  cobalt-chromium  non-precious  alloys.  Unfortunately, 
nickel  is  a  sensitizer,  and  approximately  10%  of  the  female  and 
less  than  1%  of  the  male  population  may  be  allergic  to  it. 

PALLADIUM  (Pd)  -  is  added  to  increase  the  strength,  hardness  (with  copper), 
corrosion  and  tarnish  resistance  of  gold-base  alloys.  Pd  will  also 
elevate  an  alloy’s  melting  range  and  improve  sag-resistance.  It  has 
a  very  strong  whitening  effect  in  an  alloy,  so  even  an  alloy  with 
90%  gold  and  10$  palladium  will  appear  white  (platinum) .  Palladium 
possesses  a  high  affinity  for  hydrogen,  oxygen,  carbon. 5  and  lowers 
the  density  of  the  gold-base  alloys  slightly,  but  has  little  effect 
on  silver-base  metals  in  this  regard. 5  Palladium,  a  member  of  the 
platinum  group,  is  both  a  NOBLE  and  a  PRECIOUS  metal. 

PLATINUM  (Pt)  -  increases  the  strength,  melting  range,  and  hardness  of  gold- 
base  alloys,  while  improving  their  corrosion,  tarnish,  and  sag 
resistance.  Platinum  is  one  of  the  gray  metals  which  whitens  an 
alloy,  and  increases  the  density  of  non-gold-base  alloys  due  to  its 
high  density.  Platinum  is  a  member  of  the  platinum  group,  and  is 
both  a  NOBLE  and  a  PRECIOUS  metal. 

RUTHENIUM  (Ru)  -  acts  as  a  grain  refiner  for  gold-  and  palladium-base  alloys 
to  improve  the  mechanical  properties  and  the  tarnish  resistance 
(like  iridium).  Ruthenium  is  a  member  of  the  platinum  group,  and  is 
both  a  NOBLE  and  a  PRECIOUS  metal. 

SILICON  (Si)  -  serves  primarily  as  an  oxide  scavenger  to  prevent  the 

oxidation  of  other  elements  during  the  melt.  Like  manganese,  Si 
also  acts  as  a  hardening  agent. 
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SILVER  (Ag)  -  imparts  a  moderate  increase  to  the  strength  and  hardness 

of  gold-base  alloys  (with  copper),  while  lowering  their  density. 

In  gold-base  and  palladium-base  PFM  alloys,  silver  lowers  the 
melting  range  by  counteracting  the  influence  of  palladium.  In 
gold  and  gold-palladium  alloys,  silver  improves  fluidity  and  helps 
control  the  coefficient  of  thermal  expansion. 5  Silver-containing 
porcelain  alloys  have  been  known  to  produce  a  greenish  discoloration 
(green  or  brown)  with  some  porcelains.  Silver  possesses  a  rather 
high  affinity  for  oxygen  absorption  which  can  lead  to  casting 
porosity  and/or  gassing.  However,  small  amounts  of  zinc  or  indium, 
in  gold-  and  silver-base  alloys,  can  help  control  silver's  absorption 
of  oxygen.  Silver  will  also  corrode  and  tarnish  in  the  presence  of 
sulfur.  Although  silver  is  a  PRECIOUS  metal,  it  is  not  universally 
regarded  as  a  NOBLE  metal. 

TIN  (Sn)  -  serves  as  a  hardening  agent,  and  tends  to  decrease  the  melting 
range  of  an  alloy.  Sn  also  assists  in  the  production  of  an  oxide 
layer  for  porcelain  bonding  in  gold-  and  palladium-base  alloys.  Tin 
is  one  of  the  key  trace  elements  for  oxidation  with  the  palladium- 
silver  alloys. 

TITANIUM  (Ti)  -  like  aluminum  and  beryllium,  is  added  to  lower  the  melting 
range  and  to  improve  castability.  Titanium  also  acts  as  a  hardener 
and  influences  oxide  formation  at  high  temperatures. 


ZINC  (Zn) 


-  helps  lower  the  melting  range  of  an  alloy,  acts  as  a  deoxidizer 
or  scavenger  to  combine  with  other  oxides  present.  Zinc  improves 
the  castability  of  an  alloy  and,  when  combined  with  palladium, 
contributes  to  hardness.  Zinc  is  also  commonly  included  in  gold 
alloy  solders. 


3-3.  CLASSIFICATION  OF  DENTAL  CASTING  ALLOYS 

The  next  step  is  to  group  or  classify  metals  in  some  logical  order  or 
arrangement.  Several  accepted  methods  for  classifying  alloys  are  generally 
accepted,  but  no  single  system  has  yet  to  become  an  established  standard.  In 
fact,  many  different  descriptions  of  alloys  can  be  found  in  both  the  dental 
literature  and  in  marketing  information  supplied  by  a  manufacturer.  As  a 
result,  it  is  quite  a  challenge  to  keep  track  of  all  the  "new"  and  "improved" 
alloys  that  enter  the  marketplace.  Moreover,  it  is  extremely  difficult  to 
group  similar  materials  for  comparative  purposes,  if  we  do  not  know  either 
an  alloy's  composition  or  how  to  best  classify  a.  particular  metal. 

The  aim  of  each  classification  method  may  vary  in  itself.  One  system 
may  be  based  on  function,  while  others  may  be  established  for  reasons  of  cost, 
use,  or  alloy  composition.  One  of  the  oldest  and  simplest  classification 
methods  is  the  traditional  reference  to  function. Five  categories  are  used, 
with  the  first  four  describing  crown  and  bridge  alloys  and  only  the  fifth 
depicting  the  porcelain-fused-to-metal  alloys.  Each  crown  a  ’  bridge  alloy 
classification,  or  type,  is  associated  with  its  level  of  haru  ss. 
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a.  Alloy  Classification  Based  on  Function 

Type  I  (soft)  -  for  small  inlays,  because  the  metal  is  easily  burnished 
and  oily  capable  of  withstanding  very  slight  stress. 3 
Vickers  hardness  range  is  50-90  (quenched). 3 

Type  II  (medium)  -  for  larger  inlays,  some  3/4  crowns,  retainers,  pontics 
and  full  crowns,  if  subject  to  moderate  stress. 3  Vickers 
hardness  range  is  90-120  (quenched).3 

Type  III  (hard)  -  for  thin  3/4  crowns,  retainers,  pontics,  full  crowns, 
short-span  fixed  partial  dentures,  and  inlays  able  to 
withstand  high  stress.  Type  III  alloys  can  be  heat 
treated  for  age  hardening. 3  Vickers  hardness  range  is 
120-150  (quenched). 3 

Type  IV  (extra  hard)  -  for  inlays  subjected  to  very  high  stress,  full 

crowns,  long-span  fixed  partial  dentures,  and  removable 
partial  denture  frameworks.  These  alloys  can  also  be 
age  hardened. 3  Vickers  hardness  is  150+  (quenched). 3 

Metal-Ceramic  (hard  and  extra  hard)  -  compatible  with  dental  porcelain. 

The  hard  type  are  used  for  copings,  thin-walled  crowns 
and  short  fixed  partial  dentures,  while  the  extra  hard 
type  may  be  used  for  long-span  fixed  partial  dentures. 3 

This  method  of  classification  was  most  helpful  before  the  introduction  of 
PPM  alloys,  when  the  alloys  in  question  (Type  I-IV)  were  all  gold-base  and 
used  exclusively  for  crown  and  bridge. 5  With  the  development  and  introduction 
of  the  silver-,  palladium-,  nickel-,  cobalt-,  iron-,  and  mixed-base  PFM  alloys, 
comparisons  based  on  hardness  are  no  longer  valid  because  alloys  with  the  same 
hardness  value,  but  from  a  different  alloy  base  (silver,  palladium,  etc.), 
generally  do  not  possess  the  same  strength  characteristics . 5 


b.  Alloy  Classification  Based  on  Color  or  Composition. 

A  second  method  of  classification  is  to  describe  the  alloys  according 
to  their  color  and  tne  principal  element  (or  elements) .3.10,11  The  number 
of  subcategories  varies  in  different  sources  from  four  to  eleven. 3 

Yellow  golds  -  yellow  color,  witn  greater  than  60%  gold  content. 3 

White  golds  -  white  color,  but  with  more  than  50%  gold  content. 3 

Low  (or  economy)  golds  -  usually  yellow  colored,  with  less  than  b0% 
gold  (usually  42-55%). 

Palladium  -  white  colored,  with  palladium  the  major  component.^  May 
contain  small  quantities  of  gold  (2%)  and  a  limited 
amount  of  either  copper  or  cobalt. 3 
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Silver-palladium  -  white  colored,  predominantly  silver  (55-71$)  with 

substantial  amounts  of  palladium  (25-27$)  to  provide  nobility 
and  to  help  control  tarnish.  May  or  may  not  contain  small 
amounts  of  copper  or  gold.3>9 

Palladium-silver  -  white  colored,  with  palladium  the  major  component,  plus 
a  substantial  quantity  of  silver  (up  to  approximately  k0%) . 


c.  The  A.D.A.  Classification  System  for  Cast  Alloys 

The  Council  on  Dental  Materials,  Instruments  and  Equipment  of  the 
American  Dental  Association  prepared  a  new  classification  system  for  cast 
alloys  based  on  noble  metal  content.  The  system  was  devised  for  identifica¬ 
tion  in  dental  procedure  codes  only,  where  the  value  of  the  metal  may  influ¬ 
ence  the  amount  of  reimbursement  from  insurance  carriers.  It  was  not  meant  to 
indicate  performance  levels.  The  classification  system  was  published  in  the 
Journal  of  the  American  Dental  Association  and  is  repeated  in  Fig.  3-1  ^ : 


Classification  Requirement 

HIGH  NOBLE - -  Noble  Metal  Content  -  60% 

(Gold,  Platinum,  Palladium) 
and  Gold  5  hOf 

NOBLE -  Noble  Metal  Content  ^  25$* 

(Gold,  Platinum,  Palladium) 

PREDOMINANTLY  BASE -  Noble  Metal  Content  <  25$ 

(Gold,  Platinum,  Palladium) 

*  There  is  no  upper  limit.  This  is  to  accommodate  high  noble 
metal  content  alloys  with  less  than  40$  gold. 

Figure  3-1.  This  is  the  American  Dental  Association  classification 

system  for  gold  and  non-gold  base  dental  casting  alloys. 12 


d.  A  Classification  System  for  Non-Gold  Base  Dental  Casting  Alloys9 

The  recently  developed  A.D.A.  classification  system  is  perhaps  most 
helpful  when  completing  insurance  forms,  as  it  permits  some  measure  or 
comparison  of  the  relative  cost  of  dental  casting  alloys.  This  information 
can  be  interpreted  by  dental  insurance  carriers  in  their  r^vi*-:..  of  claims 
for  reimbursement.  Apparently,  this  is  all  this  classification  system  was 
intended  to  accomplish.  It  does  not  group,  order,  or  otherwise  arrange  the 
multitude  of  alloys  which  have  flooded  the  dental  market.  Nor  does  it 
help  identify  any  subcategories  within  each  of  the  three  major  divisions. 
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For  example,  non-gold  base  alloys  for  the  PFM  restoration  (Fig.  3-2 )^2 


are  not  readily  identifiable  from  the  A.D.A.  system  of  classifications 
(Fig.  3-1) :12 


1.  THE  HIGH  PALLADIUM  ALLOYS 

a.  Copper  Group 

b.  Cobalt  Group 

2.  THE  PALLAPIUM-SILYEK  ALLOYS 

3.  THE  SON-PRECIOUS  ALLOYS 

a.  Hi ckel-Chr omiunr-Beryllium  Group 

b.  Nickel-Chromium-Beryllium-Free  Group 

c.  Cobalt-Chromium 

Figure  3-2.  These  are  the  non-gold  base  "alternative"  alloys  which 
may  be  used  to  produce  porcelain-fused-to-metal  restorations. 


In  an  effort  to  address  this  particular  problem,  an  alternative  system 
of  classification  was  developed  and  presented  in  Non-Gold  Base  Dental  Casting 
Alloys ,  Volume  I:  Alternatives  to  Tyne  III  Gold. 9 Figure  3-3  depicts  this  ~~ 
alternative  classification  system.  Note  that  all  metals  are  first  separated 
into  one  of  two  major  types,  precious  or  non-precious,  and  then  arranged  by 
system;  each  system  is  further  broken  down  into  its  constituent  groups,  if 
present.  Alloys  are  classified  according  to  their  composition,  with  the  name 
of  the  major  component  listed  first  and  the  second  largest  element  in  the  alloy 
listed  next.  Key  trace,  or  minor  alloying  elements  which  distinguish  the  per¬ 
formance  or  the  properties  of  alloys  in  the  same  system  are  used  to  identify 
such  subcategories  as  groups. 


This  classification  method  is  simple  and  easy  to  learn.  Since  it  requires 
the  identification  of  an  alloy's  composition  for  placement  in  the  system,  the 
method  makes  the  use  of  the  A.D.A.  classification  that  much  easier.  More 
importantly,  this  system,  and  the  general  descriptions  of  the  various  alloy 
systems  and  groups,  are  useful  in  classifying  alloys  according  to  function. 


e.  Levels  of  Content 

Gold-base  alloys  containing  less  than  70%  gold  are  often  referred  to  as 
"low"  gold  content  metals,  despite  the  fact  that  this  single  constituent  may 
actually  account  for  the  majority  of  the  alloy's  composition  (>50%).  There¬ 
fore,  use  of  the  designation  "low"  may  be  confusing  when  alloys  with  ICS  and 
6 9%  of  any  one  element  are  placed  in  the  same  classification,  although  they 
differ  markedly  in  actual  composition. 
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In  an  attempt  to  avoid  potential  misinterpretations,  the  designations  "low," 
"medium,"  and  "high"  are  assigned  the  following  values  for  their  use  in  this 
classification  system  and  text: 

a)  LOW  =  0-33% ;  b)  MEDIUM  =  34-66$;  and  c)  HIGH  =  67-100$ 

This  simple  division  of  the  total  composition  of  an  alloy  into  thirds 
permits  classification  of  an  alloy  in  a  more  recognizable  and  understandable 
format.  This  division  also  encourages  the  use  of  more  meaningful  terminology, 
and  discourages  the  use  of  vague  identifiers  such  as  "palladium-rich."  At 
the  same  time,  it  must  be  understood  that  the  desired  physical,  mechanical, 
and  thermal  properties  of  a  particular  alloy  are  influenced  not  only  by  the 
constituent  metals  used  to  produce  the  alloy,  but  also  by  the  purity  of 
the  ingredients  as  well  as  the  sequence  in  which  the  elements  are  added 
during  the  melt.  In  addition,  variations  in  minor  alloying  elements  have 
produced  numerous  alloys  which  differ  in  properties  and  features,  yet  outwardly 
appear  quite  similar  in  composition. 

It  may  prove  helpful  here  to  understand  the  historical  background  which 
led  to  the  development  of  these  alternative  alloys. 

3-4.  AN  HISTORICAL  VIEW  OF  CASTING  ALLOY  DEVELOPMENT1 3 


Although  the  practice  of  dentistry  can  be  regarded  as  hundreds  of  years 
old,  the  PFM  restoration  is  a  relatively  recent  addition  to  dentistry.  Despite 
its  brief  history,  the  progress  of  the  PFM  restoration  has  been  rather  rapid, 
and  often  influenced  by  rather  dramatic  events. 


The  19^0' s 

A  dental  porcelain-metal  system  was  reportedly  developed  by  Coleman  in 
the  1940 's. 5  Unfortunately,  a  copper  oxide-dental  porcelain  reaction  produced 
an  unacceptable  discoloration. 5 


The  1950 ' s 


Dr.  Abraham  Weinstein  is  often  credited  as  being  the  first  individual 
to  devise  a  system  whereby  dental  porcelain  could  be  fused  to  metal. 13  in 
the  1950's,  Dr.  Weinstein  developed  an  alloy  which  contained  84$  gold,  10$ 
platinum,  2$  palladium,  3$  silver,  0.5$  indium,  and  0.4$  tin.  At  that  time, 
gold  was  relatively  inexpensive,  and  could  readily  serve  as  the  base  for 
an  alloy.  In  today's  economy,  however,  gold  is  far  more  costly;  and  the 
predominant  alloy  systems  in  use  these  days  are  the  non-gold  base  types. 

Unfortunately,  this  gold-platinum-pal  Lad ium  system  was  not  without  its 
weaknesses.  The  alloy's  high  melting  point  (2130  °F)  made  it  nearly  impossi¬ 
ble  to  melt  with  conventional  gas-air,  and  difficult  to  melt  with  gas-oxygen. 
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This  melting  temperature  also  was  well  beyond  the  recommended  limits  for 
the  gypsum-bonded  investments  which  were  in  common  use  for  crown  and  bridge 
alloys.  Once  cast,  the  alloy's  yield  strength  ( 16,500  psi)  and  hardness  ( 90 ) 
were  quite  low,  and  equivalent  to  a  Type  II  crown  and  bridge  alloy.  This 
finding  made  the  gold-platinum-palladium  alloy  only  marginally  acceptable 
for  single  unit  crowns,  and  highly  questionable  for  fixed  partial  dentures. 


The  I960' s  (prior  to  1968) 

Many  of  the  initial  problems  of  gold-platinum-palladium  alloys  were 
overcome  by  the  addition  of  0.5$  iron  to  increase  the  hardness;  by  refining 
the  grain  structure  from  coarse  to  fine,  to  improve  strength;  and  by  develop¬ 
ing  phosphatebonded  casting  investments . 13  However,  the  modulus  of  elasticity 
still  remained  too  low  for  the  demands  of  long-span  fixed  partial  dentures.  In 
addition,  the  thermal  stability  of  the  alloys  was  poor  and  needed  improvement. 

Prior  to  1968,  the  chief  direction  of  alloy  research  and  development 
focused  on  refining  the  gold-platinum-palladium  system.  Many  of  the  linger¬ 
ing  problems  with  that  system  were  found  to  be  resolved  by  reducing  the  gold 
content  slightly  and  by  adding  more  palladium.  The  major  drawback  to  this 
apparent  simple  alteration  in  the  alloy  formulation  was  the  whitening  of  the 
metal.  The  increased  palladium  content  changed  the  alloy  from  a  yellow  color 
to  a  white  or  platinum  hue. 


The  Year  1968 

In  1968,  for  the  first  time  in  history,  the  government  removed  price 
restrictions  on  gold  and  allowed  it  to  float  on  the  open  market.  In  other 
words,  the  previously  fixed  price  of  $35.00  per  oz  was  removed,  and  gold 
was  permitted  to  sell  according  to  the  dictates  of  supply  and  demand.  This 
particular  event  was  one  of  the  more  significant  factors  to  influence  the 
development  of  alternative  systems. 

Aside  from  these  economic  considerations,  work  was  also  underway  to 
improve  the  high  temperature  strength  of  the  gold-base  alloys  to  increase 
sag  resistance. 5  Researchers  elected  to  lower  the  gold  content,  to  remove 
platinum  altogether,  and  to  add  silver.  Thus  was  born  the  gold -palladium- 
silver  system.  An  alloy  from  this  system  would  usually  contain : 50-60$  gold; 
20-30$  palladium;  10-15$  silver;  and  the  balance,  indium  and  tin,  for  oxide 
formation. 5,13  The  higher  palladium  content  resulted  in  a  100  °F  elevation 
in  the  melting  range  of  the  alloy,  thus  further  separating  the  fusion  tem¬ 
perature  of  the  dental  porcelain  from  the  melting  range  of  the  alloy.  The 
net  result  was  greater  thermal  stability.  As  with  all  the  preceding  systems, 
there  were  problems  with  these  alloys.  The  high  silver  content  was  found 
to  be  responsible  for  discoloration  of  the  dental  porcelain.  During  the  porce¬ 
lain  firing  process,  silver  vaporized  from  the  exposed  metal  surface,  and 
tended  to  "green"  at  the  porcelain-metal  junction.  The  silver  vapors  often 
collected  in  cool  areas  of  the  porcelain  furnace  where  they  would  later  reva¬ 
porize,  and  even  contaminate,  subsequent  non-silver-containing  restorations. 
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Special  metal  conditioners  were  then  developed  in  an  effort  to  control  the 
greening  problem,  but  they  were  not  always  100"  successful.  More  importantly, 
they  added  one  more  step  and  also  required  more  time  to  complete  the  processing. 

One  other  major  system  was  also  introduced  in  1968:  the  nickel-chromium- 
beryllium  alloys.  Since  the  price  of  gold  at  that  time  was  approximately 
$38.00  per  ounce,  there  was  no  real  incentive  to  adopt  a  system  that  was  much 
more  difficult  to  process.  By  1976,  however,  gold  had  risen  to  $130.00  per  oz; 
and  25"  of  the  alloy  market  had  been  taken  over  by  the  nickel-chromium-bery Ilium 
alloys.  (In  I960,  the  price  of  gold  rocketed  to  $800.00  oz;  and  the  nickel- 
-chromium-beryllium  alloys  captured  approximately  50#  of  the  market.) 

The  Year  197^ 

Despite  the  apparent  successes  of  the  gold-palladium-silver  alloys, 
research  continued  to  develop  less  expensive  pore elain-f used- to-metal  alloy 
systems.  Then,  in  1971*,  the  palladium-silver  system  was  introduced.  This  was 
quite  a  departure  from  the  systems  which  preceded  it,  because  it  represented 
a  precious  alloy  system  based  on  palladium,  rather  than  gold.  The  formulation 
had  to  be  rather  precise  and  well  balanced,  since  silver  lowers  an  alloy's 
melting  range  while  increasing  its  coefficient  of  thermal  expansion.  The 
general  formula  for  the  palladium-silver  system  was:  55“60#  palladium,  25~30# 
silver,  plus  10-20#  indium  and  tin. 

These  alloys  appeared  to  offer  handling  characteristics  similar  to  those 
of  the  gold-palladium-silver  metals,  but  at  only  a  fraction  of  their  cost.  Lxke 
every  other  system  to  date,  the  palladium-silver  alloys  have  their  weaknesses. 
First,  silver  has  the  potential  to  discolor  some  dental  porcelains  and  contam¬ 
inate  porcelain  furnaces.  Second,  these  alloys  have  a  rather  high  coefficient 
of  thermal  expansion  to  accomodate  U.S.  porcelains,  rather  than  porcelains 
manufactured  abroad.  The  first  problem  was  addressed  by  the  development  of 
metal  conditioners  to  create  a  physical  barrier  and  prevent  silver  contact  and 
contamination  of  the  porcelain.  However,  measures  of  this  type  were  found  to 
be  more  time  consuming,  and  did  not  always  ensure  success.  Moreover,  proper 
furnace  decontamination  procedures  may  not  have  been  followed.  Mismatches  of 
coefficients  of  thermal  expansion  were  not  alterable.  This  problem  further 
limited  the  system  to  the  higher  expansion  dental  porcelains  (at  least,  for 
the  average  technician). 

The  palladium-silver  PFM  alloys  evaluated  in  this  project  differed  in 
composition  from  the  general  formula  of  the  initial  examples.  A  typical  alloy 
might  contain  53.5~58#  palladium,  and  31-39#  silver,  with  approximately  10# 
indium  and  tin  or  tin  without  indium.  More  importantly,  two  dental  porcelains 
are  available  today  which  reportedly  are  resistant  to  greening  when  used  with 
the  silver-containing  alloys,  Will-Ceram  and  Artis-Tech 

The  availability  of  non-greening  dental  porcelains  is  apparently  not  a 
well-known  fact,  even  to  this  day.  Certainly,  in  the  1970's,  the  fear  of 
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porcelain  "greening"  simply  overshadowed  any  potential  savings  accompanying 
the  palladium-silver  system.  However,  many  of  the  criticisms  of  the  palladium- 
silver  system  are  either  unwarranted  or  no  longer  hold  true  for  one  reason  or 
another.  (Clarification  of  these  points  will  be  addressed  in  this  section, 
as  well  as  in  Section  8.)  Nonetheless,  the  search  for  an  even  more  acceptable 
system  continued. 

The  Year  1977 


In  1977,  gold-palladium  alloys  appeared  on  the  market.  Unlike  the  pre¬ 
ceding  alloys  which  were  introduced  as  lower  cost  alternatives,  this  parti¬ 
cular  system  was  more  expensive.  These  alloys  have  a  composition  ranging  from 
45—55%  gold,  35-1+0#  palladium,  amd  8-12#  indium  and  tin,  with  1-2#  gallium. 
However,  a  general  description  of  a  gold-palladium  alloy  such  as  Olympia* 
would  be  approximately  52#  gold,  38#  palladium,  8.5#  indium,  and  1.5#  gallium 
with  NO  silver.  The  elimination  of  silver  and  the  increase  in  palladium  and 
gold  translated  into  greater  cost.  Nonetheless,  this  system  succeeded  in  taking 
over  a  tremendous  share  of  the  market  because  of  its  excellent  properties  and 
ease  of  handling.  In  addition,  with  the  elimination  of  silver,  these  alloys 
could  be  used  with  European  dental  porcelains.  The  removal  silver  also  resulted 
in  a  lowering  of  the  coefficient  of  thermal  expansion.  However,  in  some  cases 
the  coefficient  of  thermal  expansion  of  these  alloys  was  too  low  for  the  higher 
expansion  domestic  porcelains.  Thus,  the  weakness  of  this  system  centers  on  its 
incompatibility  with  certain  dental  porcelains.  Despite  the  limitations  imposed 
by  silver,  some  gold-palladium  alloys  containing  5-6#  silver  were  introduced. 
This  low  silver  content  was  sufficient  to  raise  the  coefficient  of  thermal 
expansion  and  enhance  the  alloy's  fluidity,  without  running  the  risk  of  dis¬ 
coloration  to  the  dental  porcelain  (greening). 

Despite  its  cost,  the  gold-palladium  system  (without  silver)  remains 
extremely  popular  among  consumers  of  precious  PFM  alloys. 


The  1980*3 


It  was  actually  about  1979  that  the  cost  of  gold  started  to  make  its 
historic  rise.  Dental  alloy  consumers  had  rather  difficult  decisions  to 
make:  continue  with  gold-base  alloys  and  pay  unprecedented  prices;  switch  to 
palladium-silver  alloys,  and  learn  to  overcome  their  special  handling  require¬ 
ments;  or  venture  into  the  realm  of  non-precious  alloys.  These  choices  did 
not  appeal  to  everyone,  and  the  search  for  alternatives  continued. 

Despite  the  added  technical  demands,  non-precious  alloys  were  viewed  as 
an  economic  salvation  by  many.  The  predominant  choice  was  the  older  nickel- 
chromium-beryllium  alloys.  Yet,  rising  concerns  for  the  potential  health 
threat  posed  by  beryllium  led  to  the  development  of  the  nickel-chromium- 
beryllium-free  alloys.  This  alternative  group  does  not  appear  to  be  used  as 
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widely  as  the  nickel-base  metals  containing  beryllium.  More  importantly, 
beryllium-free  alloys  still  contain  nickel  and  require  the  same  precautions 
for  patients  and  technicians  as  the  nickel-chromium-beryllium  alloys. 

The  only  major  departure  from  tradition  in  the  non-precious  arena  was,  and 
continues  to  be,  the  promotion  of  the  non-nickel,  non-beryllium  non-precious 
alloys  from  the  cobalt-chromium  system.  For  years  these  cobalt-base  alloys  had 
been  used  for  removable  partial  denture  framework  construction.  With  all  the 
unresolved  concerns  for  the  biocompatibility  of  nickel  and  beryllium,  why  not 
introduce  cobalt-base  metal  porcelain  alloys?  Thus,  these  removable  partial 
dental  alloys  were  reformulated  for  bonding  to  dental  porcelain.  The  marketing 
for  these  particular  alloys  has  been  much  better  than  their  performance.  The 
major  weaknesses  of  these  alloys  over  the  nickel-base  groups  are  excessive 
oxidation,  bond  failure,  and  difficulty  in  pre-soldering. 

The  early  1980's  also  brought  us  yet  another  system,  the  high  palladium 
alloys.  Some  of  the  initial  alloys  appeared  on  the  market  with  79#  palladium, 
2%  gold,  and  undisclosed  quantities  of  cobalt,  copper,  tin,  gallium,  or  other 
trace  elements  for  oxide  formation.  In  some  instances,  the  2%  gold  content 
has  been  modified  to  1#  gold  and  1 %  platinum,  or  completely  eliminated  with 
a  palladium  content  between  Th%  and  88#.  These  variations  on  the  basic  theme 
of  79/2  have  been  and  continue  to  be  quite  numerous.  Th  addition  of  2%  gold 
has  more  commercial  value  than  metallurgical  benefit,  since  it  is  too  small 
a  percentage  to  affect  the  alloy  structurally.  With  only  1-2$  gold,  these 
metals  should  not  be  referred  to  as  palladium-gold  or  gold-palladium,  but 
identified  simply  as  high  palladium  alloys  and  categorized  as  either  a  member 
of  the  copper-  or  the  cobalt-group.  The  designation,  gold-palladium  or 
palladium-gold ,  might  convey  a  meaning  which  is  not  truly  reflected  by  the 
composition  of  the  alloy. 

The  excitement  these  high  palladium  alloys  first  generated  has  now  been 
dimmed  to  some  degree,  as  the  system's  weaknesses  gradually  have  surfaced.  Some 
of  the  problems  with  this  system,  to  mention  just  a  few,  include:  porcelain 
discoloration  by  oxides  (graying  and  bluing);  the  opening  of  margins  following 
the  application  of  porcelain  (thermal  creep);  lower  sag  resistance  for  fixed 
partial  dentures;  reduced  polishability;  and  difficulty  pre-soldering. 

Despite  these  limitations,  high  palladium  alloys  have  become  considerably 
popular,  particularly  with  individuals  who  remain  reluctant  to  switch  to  non¬ 
precious  metals.  These  alloys  have  also  drawn  the  attention  of  non-precious 
users  concerned  about  the  potential  health  risks  associated  with  continued 
nickel  and  beryllium  exposure. 


And  the  search  for  the  perfect  alloy  continues 
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3-5.  ALTERNATIVES  TO  GOLD-BASE  ALLOYS 

The  classification  system  for  non-gold  base  casting  alloys  presented  in 
Fig*  3-3  depicts  those  alloy  systems  proposed  for  both  crown  and  bridge  and 
PFM  restorations.  It  is  hoped  that  the  brief  review  of  alloy  chemistry, 
existing  classification  systems,  and  the  history  of  PFM  alloy  development  have 
introduced  the  subject  of  PFM  alloys  sufficiently  to  facilitate  explanation 
of  this  proposed  classification  system. 

The  concept  for  this  classification  method  nas  been  kept  simple  to  permit 
the  insertion  of  new  alloy  systems  by  those  who  wish  to  adopt  it.  However, 
the  format  is  intended  to  permit  rapid  identification  of  an  alloy,  even  if  it 
is  unfamiliar  to  the  reader.  Placement  of  an  alloy  in  the  classification 
system  should  be  of  value  in  appreciating  generally  accepted  beliefs  about  a 
selected  alloy  system. 

Nonetheless,  the  performance  of  any  specific  product  within  a  particular 
category  can  not  be  derived  from  generalizations  of  this  kind.  Variations  in 
minor  alloying  elements  and  contaminating  elements  have  resulted  in  alloys 
with  different  properties,  features,  and  clinical  performance.1^ 

To  make  this  introduction  to  non-gold  base  alloys  less  confusing,  only 
general  descriptions  of  the  PFM  alloy  systems  will  be  provided  here.  More 
detailed  information  and  technical  instructions  for  the  processing  of  repre¬ 
sentative  alloys  appear  in  the  Individual  sections  devoted  to  each  major 
system  or  group  (Sections  6-11). 


a.  Precious  Alloys 

Each  alloy  must  first  be  assigned  to  one,  and  only  one,  of  two  major 
categories  for  any  alloy:  precious  or  non-precious  (base  metal).  If  an  alloy 
contains  members  of  the  platinum  group,  gold,  and/or  silver,  for  example, then 
it  may  be  considered  precious.  However,  if  these  elements  are  absent,  or 
present  in  a  very  small  quantity,  then  the  alloy  is  presumably  non-precious. 

Let  us  first  assume  that  an  alloy  is  indeed  precious,  and  proceed  under 
that  basic  premise.  At  present,  there  are  four  recognized  systems  which  are 
non-gold  base,  or  do  not  not  contain  substantial  quantities  of  gold.  Two  of 
those  systems  contain  2  or  3  subcategories,  which  we  have  termed  "groups,''  In 
addition,  only  2  of  the  systems  are  for  porceiain-fused-to-metal  alloys,  the 
remaining  2  are  limited  exclusively  to  crown  and  bridge  use  (i.e.,  full  metal 
castings)  . 
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PRECIOUS  ALLOYS 


High  Palladium  System  -  The  general  description  of  these  PFM  alloys 
would  include  a  composition  range  of  palladium  from  7^-88$,  with  or  without 
trace  amounts  (1-255)  of  noble  metals  (gold  and/or  platinum).  There  appear 
to  be  two  major  groups  of  high  palladium  alloys — those  which  contain 
copper,  and  those  which  contain  cobalt.  More  alloys  are  available  from 
the  copper  group  than  from  the  cobalt  group. 

Palladium-Silver  System  -  A  classic  generalization  of  this  PFM  alloy 
system  is  that  it  contains  60$  palladium,  with  the  balance  being  silver 
with  additions  of  indium  and  tin. 6  However,  the  exact  formulation  will 
vary  among  manufacturers,  and  some  companies  may  even  market  two  separate 
palladium-silver  alloys.  One  alloy  may  have  a  palladium  level  near  60$, 
with  silver  just  below  30$,  and  contain  both  indium  and  tin.  Another  may 
have  approximately  5^$  palladium,  as  much  as  39$  silver,  and  contain  tin 
but  no  indium.  The  indium  and  tin  are  added  for  oxide  formation  and 
porcelain  bonding. 

Silver-Palladium  System  -  These  are  economical,  non-gold  base  crown  and 
bridge  alloys  developed  as  alternatives  to  Type  III  gold.  Historically, 
they  have  been  classified  as  though  they  were  one;  but  there  are  at  least 
three  groups  of  these  silver-palladium  alloys:  the  high-silver  group;  the 
medium  silver  group  ( contains  copper ) ;  and  the  silver-palladium-gold  group. 
These  alloys  were  discussed  in  detail  in  Hon-Gold  Base  Dental  Casting 
Alloys:  Volume  I — Alternatives  to  Type  III  Gold.^ 

Silver-Indium  System  -  These  crown  and  bridge  alloys  contain  approxi¬ 
mately  25$  indium  with  silver,  accounting  for  the  majority  of  the  remaining 
75% . — 5  They  are  more  expensive  than  the  silver-palladium  alloys,  and 
reportedly  do  not  offer  any  advantages  over  them.1 2 More  importantly,  no 
long-term  data  are  available  on  the  corrosion  resistance  of  the  silver- 
indium  alloys.  Since  this  is  a  relatively  unknown  and  untested  minor 
system,  it  was  not  included  in  this  project. 


b.  Non-Precious  Alloys 

Two  generally  recognized  r.cr.-zrecious  (or  base  metal)  systems  are  in  use 
i y:  one  has  a  nic.xel  base;  ana  the  other  a  cobalt  base.  Both  of  these 
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contain  beryllium  (1. 6-2.0$),  and  those  which  are  beryllium-free.  Of  the 
two,  the  nickel -chromium-beryllium  alloys  are  generally  recognized  as 
having  the  better  working  characteristics. 13  it  is  important  to  understand 
that  many  of  the  alloys  in  this  system  were  introduced  in  the  late  1970's. 
The  nickel-base  alloys  which  were  introduced  in  1963  were  the  forerunners 
of  this  system.  The  conclusions  of  the  research  on  alloys  more  than  a 
decade  ago  are  not  always  relevant  to  the  products  in  today's  market. 
However,  as  will  be  brought  out  later,  this  system  continues  to  be  plagued 
by  problems.  Nonetheless,  nickel-chromium  alloys  are  in  widespread  use 
and  dominate  a  portion  of  the  industry. 

Cobal t-Chr omium  -  Lixe  the  nickel-base  system,  the  cobalt-base  alloys 
have  been  marketed  as  PFM  alloys  with  the  added  capability  for  use  in  the 
fabrication  of  all  metal  crowns  and  fixed  partial  dentures.  The  cobalt, 
content  may  range  between  53  and  68%,  with  25-34%  chromium,  along  with  minor 
alloying  elements.  There  has  been  some  reference  to  a  possible  subdivision 
of  the  cobalt-base  system  into  two  groups — those  which  contain  ruthenium, 
and  those  which  are  ruthenium-free. -“-3  Whether  sufficient  differences 
exist  to  warrant  such  a  division  of  the  cobalt-chromium  system  remains  to 
be  seen.  Such  a  proposal  is  new,  and  it  is  beyond  the  scope  of  this  pro¬ 
ject  to  assess  its  merits.  Although  the  cobalt-chromium  alloys  are  being 
promoted  as  porcelain  alloys,  they  are  not  regarded  with  the  same  favor 
and  level  of  success  as  the  nickel-chromium  system,  in  particular,  the 
nlckel-chroml urn-beryllium  alloys. 

Other  Systems  -  This  category  was  established  to  include  those  minor 
systems  which  are  not  generally  recognized  by  major  manufacturers,  but 
which  might  appear  on  the  market.  These  systems  would  include  aluminum- 
bronze  ( 30—85%  copper,  8-10$  aluminum,  1-3$  nickel,  plus  iron);  beta-brass 
(60$  copper  and  40$  zinc),  and  other  lesser  known  entities.  The  advertis¬ 
ing  concerning  such  alloys  may  appear  rather  impressive,  but  usually  omits 
one  major  feature,  the  percentage  composition.  Research  on  the  clinical 
performance  of  these  systems  is  scant,  because  they  are  not  in  general  use. 
Caution  is  urged  should  these  products  be  recommended  for  the  PFM  restora¬ 
tion.  (No  alloys  from  this  category  were  included  in  the  project.'' 

3-6.  OTHER  IMPORTANT  FEATURES  OF  PORCELAIN-FUSED-TO-METAL  ALLOYS 

Aside  from  a  basic  understanding  of  the  composition  and  classification 
of  PFM  alloys,  there  are  several  other  items  related  to  these  metals  which 
warranted  specific  discussion. 

a.  Alloy  Packaging  and  Contents  Disclosure 

Hot  all  manufacturers  provide  enough  product  information  on  alloy  packages 
to  permit  easy  identification.  In  fact,  some  packages  list  everything  but  the 
content.  It  is  important  that  consumers  be  completely  informed  on  the  materials 
they  use.  In  order  for  this  recommendation  to  be  put  into  practice,  the  alJoy 
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manufacturers  should  be  encouraged  to  provide  routinely  the  following  informa¬ 
tion  on  the  package  and/or  with  the  technical  instructions  which  accompany 
an  alloy: 

1.  List  all  alloying  elements. 

2.  Provide  percentage  composition  for  all  elements  listed. 

3.  List  important  properties:  density,  hardness  (Vickers);  percentage 
elongation;  yield  strength,  bond  strength  (if  possible);  and 
coefficient  of  thermal  expansion  (state  whether  it  is  a  high  or  a 
low  expansion  metal  to  facilitate  pairing  with  a  dental  porcelain). 

4.  Identify  compatible  dental  porcelains. 

5.  Identify  incompatible  dental  porcelains. 

Since  there  is  no  standardized  testing  format  for  porcelain  compatibility 
or  bond  strength,  some  manufacturers  may  be  reluctant  or  unable  to  provide  this 
information.  Other  manufacturers  may  make  these  data  available  on  request. 
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If  an  alloy  has  been  thoroughly  tested  and  evaluated  prior  to  marketing, 
then  such  information  should  be  at  hand.  If  these  data  are  not  available,  it 
might  be  an  indication  of  limited,  or  no,  test  marketing.  The  consumer  then 
becomes  the  tester. 


b.  Ingot  Identification 

Precious  alloys  generally  have  some  form  of  ingot  identification  with 
either  the  alloy's  or  manufacturer's  name.  However,  this  statement  can  not  be 
uniformly  applied  to  the  non-precious  alloy  (Figs.  3-4  &  3~5) •  Several  of 


the  alloys  tested  had  neither  identi¬ 
fiable  markings  nor  readily  recognizable 
shape  which  would  permit  identification 
of  the  alloy  type  or  manufacturer. 


Figure  3-4.  Many  non-precious  alloys 
do  not  have  any  identification  on  the 
individual  ingots. 


Figure  3-5  •  In  some  instances,  tne 
ingots  can  be  identified  by  their 
shape  and/or  markings. 
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In  the  absence  of  ingot  identification,  there  is  a  greater  likelihood  of 
mixing  or  misuse  of  materials.  This  problem  can  be  easily  rectified  by 
requiring  some  sort  of  product  identification  to  make  the  alloy  recognizable 
to  the  consumer.  This  feature  is  especially  important  for  facilities  where 
several  alloys  may  be  in  stock  at  all  times. 

c.  Ingot  Size 

In  our  assessment  of  each  casting  alloy,  we  carefully  weighed  the  contents 
of  every  alloy  package — not  only  to  assess  the  size  of  each  ingot,  but  also  to 
verify  the  listed  weight.  Four  significant  observations  were  noted  as  a  result 
of  this  simple  procedure: 

First,  the  majority  of  precious  alloys  were  manufactured  as  2-dwt  ingots 
and  all  had  ingot  identification.  However,  for  some  alloys,  the  ingots  did 
not  weigh  exactly  2  dwt.  Therefore,  it  may  be  necessary  to  check  each  alloy 
for  the  level  of  accuracy  per  ingot,  but  expect  the  total  package  to  weigh 
the  listed  amount. 


Second,  the  size  of  non-precious  ingots  will  vary  between  brands,  from 
2  dwt  3  grains  (grs)  to  4  dwt  4  grs  (Figs.  3-6  &  3-7).  For  example,  Novarex* 
ingots  may  range  in  weight  from  2  dwt  3  grs  to  2  dwt  20  grs,  wnile  Forte* 
ingots  will  weigh  over  4  dwt  apiece.  The  smaller  ingots  favor  the  smaller 
laboratories  where  single  or  double  unit  patterns  are  cast  routinely.  On  the 
other  hand,  the  larger  dental  laboratories  derive  more  benefit  from  the  use  of 
larger  size  ingots  for  their  multiple  unit  castings.  With  the  non-precious 
alloys,  in  particular,  reducing  the  amount  of  surface  oxidation  is  important. 
For  multiple  castings,  the  larger  ingots  minimize  the  surface  area  to  volume 


ratio  as  compared  with  casting  the  same 
ingots  and  buttons. 


Figure  3-6.  The  size  and  weight  of 
some  non-precious  alloys  may  vary 
from  ingot  tc  ingot  (Rexillium  Ill- 
shown  ) . 


weight  of  metal  using  numerous  small 


&  i» 

*  m  m. 


Figure  3-7 •  Large  non-precious 
ingots  invariably  generate  .  arge 
buttons  of  spent  metal. 
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Third,  precious  alloys  which  can  he  obtained  in  1-dwt  ingot  form,  such 
as  Naturelle  ,  enable  laboratories  to  expend  their  alloy  more  efficiently 
than  2-dwt  ingot  metals.  This  point  is  particularly  evident  when  attempting 
to  control  the  amount  of  cast  metal  by  weighing  wax  patterns.  Conservation 
of  resources  and  prudent  management  of  precious  metals  can  be  better  obtained 
through  the  use  of  1-dwt  ingots.  Scored  (or  grooved)  2-dwt  ingots  would  be 
more  satisfactory  than  solid  2-dwt  ingots,  since  an  ingot  can  be  separated 
into  1-dwt  halves,  if  necessary.  This  option  would  permit  the  consumer  to  be 
more  accurate  in  selecting  the  required  volume  ot  metal  for  individual  castings. 
Special  metal  cutters  could  conceivably  be  purchased  by  users  of  an  alloy 
sold  only  in  2-dwt  ingots. 

Fourth,  the  use  of  larger  ingot  size  non-precious  alloys  invariably  leads 
to  the  production  of  large  buttons  of  cast  metal  (Fig.  3~T ) •  The  larger  the 
size  of  the  virgin  alloy  ingot,  the  more  rapid  the  accumulation  of  numerous 
large  buttons,  particularly  in  smaller  laboratories.  For  example,  if  the  wax 
pattern  conversion  table  calls  for  5  dwt  5  grs  of  metal  for  a  casting,  then  2 
ingots--of  any  of  the  non-precious  alloys  tested — would  be  required.  With  one 
alloy,  the  requirement  could  possibly  be  met  almost  exactly.  For  another, 
those  two  ingots  would  yield  a  casting  3  dwt  heavier  than  desired;  for  there 
was  no  alternative,  since  1  ingot  would  have  been  insufficient.  The  net  result 
would  be  a  3 -dwt  button  to  maintain,  and  for  which  a  use  would  have  to  be  found. 

d.  New  (Virgin)  Alloy  vs.  Recast  Alloy 

One  of  the  major  advantages  of  using  precious  alloys  is  that  the  recast 
alloy  can  be  easily  recycled  by  enriching  it  with  new  (virgin)  metal.  The 
specific  guidelines  vary  considerably  among  manufacturers,  but  the  large 
majority  support  a  minimum  recommendation  of  50%  new  metal  added  to  recast 
alloy.  If  the  weight  of  a  button  is  2  dwt,  then  50%  of  that  amount  (or  1  dwt) 
should  be  added  for  the  casting,  assuming  of  course,  that  you  need  3  dwt  of 
metal  after  weighing  the  wax  patterns  and  using  the  conversion  table  (Table  l). 
Other  manufacturers  would  prefer  a  1:1  ratio  of  new  metal  to  recast  metal  to 
ensure  that  the  minor  alloying  elements  are  replenished. 

The  non-precious  alloys  should  be  handled  a  bit  differently  to  ensure 
the  attainment  of  maximum  properties.  For  the  etched -metal  resin  bonded 
retainer  (Maryland  Bridge),  the  general  belief  now  is  that  all  new  metal  is 
a  more  appropriate  choice  than  attempting  to  enrich  recast  metal  (buttons). 

Full  metal  castings  may  be  produced  with  the  recommended  ratios  of  new 
metal  to  recast  alloy  without  much  fear,  if  not  overheated.  Buttons  can 
certainly  be  used  to  cast  post  and  cores,  and  need  not  be  thrown  away. 
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d.  Alloy  Composition  vs.  Alloy  Performance 

Alloy  composition  is  but  one  aspect  to  consider  in  the  selection  of 
an  acceptable  alloy,  and  should  not  be  considered  the  sole  criterion  when 
purchasing  a  new  metal.  The  fact  that  two  alloys  have  the  same  percentage 
composition  for  the  major  constituents  listed  on  the  packaging  label  is  NO 
GUARANTEE  THAT  THE  TWO  ALLOYS  WILL  PERFORM  SIMILARLY.  If  your  alloy  has  a 
history  of  proven  success  with  your  dental  porcelain,  there  is  no  assurance 
a  lesser  priced  alloy,  of  similar  make-up,  will  have  the  same  predictable 
results.  Do  not  permit  substitutions  which  have  not  been  fully  tested  by 
you  with  your  particular  brand  of  porcelain. 

Small  changes  to  the  minor  alloying  elements,  major  differences  in  the 
purity  of  raw  materials,  or  differences  in  the  alloy  manufacturing  process 
(quality  control,  in-house  refining  of  ingredients,  etc.)  are  features  the 
consumer  can  not  assess  from  an  alloy  package. 

The  Dental  Laboratory  Officer  and  the  NCOIC  of  the  Dental  Laboratory 
should  be  solely  responsible  for  the  selection  of  dental  casting  alloys. 

No  substitutions  should  be  considered  without  their  expressed  approval; 
for  there  are  no  guarantees  of  comparable  performance,  based  solely  on  the 
information  included  on  alloy  packaging. 


3-7.  THE  ROLE  OF  SILVER  Ilf  PORCELAIN  DISCOLORATION 

This  is  no  single,  generally  accepted  explanation  of  how  or  why  silver 
reacts  with  dental  porcelain  to  produce  discolorations.  The  explanations 
proposed  are  simply  theories,  advanced  to  describe  the  possible  mechanisms 
of  porcelain  "greening."  There  are  only  two  companies  which  market  dental 
porcelains  which  are  reportedly  resistant  to  discoloration  when  used  with 
silver-containing  alloys.  The  chemical  features  of  these  dental  porcelains 
are  unique  in  this  regard,  and  the  secret  to  their  success  is  considered 
proprietary  Information, 

The  older  porcelain  system  is  Will-Ceram*,  and  (as  stated  in  Section  2) 
it  is  available  in  four  shade  ranges.  Artis-Tech  was  introduced  in  the  Fall 
of  198^  and  is  available  in  two  shade  ranges.  No  porcelain  discoloration  was 
observed  with  either  porcelain  when  using  the  palladium-silver  alloys. 

Aside  from  Will-Ceram  and  Artis-Tech  porcelains,  caution  should  be 
exercised  when  pairing  other  dental  porcelains  with  an  alloy  containing  more 
than  10%  silver.  Although  the  porcelain  discoloration  is  generally  referred 
to  as  "greening,"  it  may  actually  fall  within  a  spectrum  of  colors  from  yellow 
to  green,  to  orange  or  brown. ITjlo  More  often  than  not,  the  color  changes 
occur  at,  or  near,  the  porcelain-metal  junction. -*-7  Two  factors  come  into  play 
when  assessing  the  potential  for  discoloration  with  silver-containing  alloys: 

>  the  chemical  composition  of  the  porcelain,  and  the  firing  technique. I? 


* 

## 
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In  addition,  when  a  dental  porcelain  not  resistant  to  silver  discoloration 
is  used  with  a  silver-containing  alloy,  the  discoloration  may  not  appear  with 
every  restoration.  When  the  discoloration  does  develop,  it  is  more  likely  to 
occur  with  the  lighter  than  the  darker  shades. 19  Some  contend  that  the  lighter 
shades  have  fewer  opacifiers  and  more  sodium,  so  they  are  more  at  risk  than 
the  darker  shades  by  virtue  of  their  chemical  make-up. 19  Others  believe  that 
the  basic  porcelain  is  the  same,  and  that  only  the  pigments  and  opacifiers 
change. 5  With  the  lighter  shades,  any  discoloration  is  simply  easier  to  see. 5 


a.  Possible  Mechanisms  of  Porcelain  Discoloration 

One  explanation  of  the  silver-porcelain  reactions  is  the  silver-sodium 
exchange  mechanism  theory. 18  The  process  begins  as  silver  is  vaporized  from 
the  substructure  (coping)  during  the  sintering  (firing)  of  the  porcelain, 
because  silver  has  a  high  vapor  pressure. 17*18  Thus,  silver  simply  exchanges 
with  sodium  in  the  dental  porcelain  as  long  as  sufficient  oxygen  is  available 
(oxidizing  atmosphere).  On  the  other  hand,  if  a  reducing  atmosphere  is 
present  (limited  or  no  oxygen)  as  a  result  of  the  creation  of  a  vacuum,  then 
the  silver-sodium  exchange  occurs  less  rapidly. 18  Since  all  dental  porcelains 
are  vacuum-fired,  how  does  the  exchange  take  place?  Some  believe  the  answer 
may  be  vapor  transport. 20  Although  a  restoration  will  be  fired  under  vacuum, 
there  are  times  when  that  vacuum  is  not  present.  For  example,  the  porcelain 
restoration  is  generally  dried  thoroughly  and  preheated  at  temperatures  between 
5^0-o50  °C  (1004-1202  °F).  Once  the  vacuum-firing  cycle  is  complete,  the 
vacuum  is  generally  released  at  maximum  temperature;  and  the  work  is  withdrawn. 
A  few  porcelains  are  even  air-fired  at  high  temperature  for  proper  maturity. 

In  the  intervals  before  and  after  vacuum-firing,  little  carbon  monoxide  is 
available  to  inhibit  the  silver-sodium  exchange. 

Being  particularly  active  near  the  surface  of  the  alloy,  the  silver  gas 
is  readily  available  for  chemical  interaction  with  the  porcelain. 17  The  silver 
absorbed  by  the  porcelain  precipitates  during  the  cooling  phase,  and  the  dis¬ 
coloration  appears. 17  Some  of  the  silvei  vapors  may  remain  in  the  porcelain 
furnace,  condense,  and  collect  in  cool  regions.  The  silver  then  revaporizes 
in  subsequent  operations  and  may  coLlect  and  contaminate  units  with  non-silver- 
containing  alloy. 

A  second  possible  explanation  involves  the  transport  of  silver  into  the 
porcelain  at  the  porcelain-metal  interface  and  then  through  the  porcelain  to 
the  surface,  all  by  some  unknown  mechanism. 19  Tuccillo  descriDed  this  as  a 
"bulr.  transfer  mechanism. "18  The  fact  that  areas  of  discoloration  can  be 
ground  from  the  porcelain  surface  may  lend  some  support  to  this  belief.  Yet, 
this  theory  does  not  explain  why  the  discoloration  occurs  mainly  at  the 
margin  of  the  porcelain  and  the  metal  and  at  the  surface. -*-9 

A  third  theory  holds  that  "surface  diffusion"  is  responsinle  for  the 
porcelain  discoloration. 19  The  silver  in  the  alloy  repeatedly  diffuses  to 
the  metal  surface,  and  contaminates  the  dental  porcelain  at  the  porcelain- 
metal  margin. Come  support  is  lent  to  this  type  of  concept,  as  opposed  to 
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the  "bulk  transfer  mechanism",  since  the  discolored  areas  may  be  ground  from 
the  porcelain  surface. ^9  if  the  entire  porcelain  veneer  were  discolored, 
surface  grinding  would  not  be  expected  to  remove  the  discoloration. 

The  varied  alkali  and  trace  elements  found  in  dental  porcelains  might 
help  to  explain  why  dental  porcelains  behave  so  differently  with  silver- 
containing  alloys. 18  The  color  changes  are,  also,  not  always  green,  but  may 
be  yellow  or  brown;  and  they  can  vary  among  the  different  porcelains .  ^-8  The 
discoloration  may  also  be  more  intense  with  porcelains  of  higher  sodium  content, 
as  compared  with  the  porcelains  containing  potassium.  -*-9 


b.  Techniques  to  Diminish  Porcelain  Discoloration  by  Silver 

How  is  the  discoloration  prevented?  The  simplest  solutions  would  be 
either  to  use  a  non-silver-containing  alloy,  or  to  switch  to  a  porcelain 
which  is  resistant  to  discoloration  (Will-Ceram  or  Artis-Tec  ).  Other 
recommendations  include  the  firing  of  carbon  pellets  with  all  work  to  generate 
carbon  monoxide  and  to  produce  a  reducing  atmosphere  in  the  porcelain  furnace 
to  inhibit  any  silver-sodium  exchange. 18  As  mentioned  previously,  this 
technique  does  have  limitations,  and  reports  of  its  success  are  mixed. 18 

Metal  and  ceramic  bonding  agents  have  also  been  suggested  to  produce 
a  physical  barrier  for  the  porcelain-bearing  area  of  the  metal  substructure. 
The  bonding  agent  supposedly  reduces  the  surface  activity  of  silver,  and 
reportedly  helps  eliminate  the  possibility  of  porcelain  discoloration.  Such 
materials  have  only  limited  value,  since  they  neglect  the  internal  aspect  of 
the  metal  substructure  and  the  non-porcelain  bearing  external  surfaces  of 
a  coping  (metal  occlusal  or  lingual).  These  large  untreated  areas  are  free 
to  release  silver  vapor. 

Carbon  pellets  and  metal  conditioners  (bonding  agents)  are  certainly  not 
foolproof  techniques, and  the  latter  requires  an  additional  procedure  and 
firing  cycle.  As  a  result,  the  palladium-silver  alloys  have  been  considered 
more  technically  demanding  by  some.  However,  one  can  take  full  advantage  of 
the  excellent  physical  properties  and  economy  of  palladium-silver  alloys  by 
simply  using  one  of  the  two  dental  porcelains  resistant  to  discoloration. 

If  silver-containing  alloys  are  to  be  used  on  a  regular  basis,  then  the 
porcelain  furnace  should  be  purged  routinely.  A  high  production  facility 
might  purge  their  furnaces  on  a  daily  basis,  while  1-3  times  per  week  would 
be  sufficient  to  control  the  collection  of  silver  in  the  furnace  muffle  of 
less  frequent  users.  A  furnace-purging  technique  is  included  in  Section  8, 
on  the  palladium-silver  alloys. 
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3-8.  CASTING  ALLOY -DENTAL  PORCELAIN  COMPATIBILITY 

Very  often  little,  if  any,  attention  is  given  to  an  examination  of  the 
compatibility  of  a  dental  porcelain  with  a  particular  alloy.  With  the  multi¬ 
tude  of  alternative  alloys  flooding  the  market,  it  is  unwise  to  assume  that 
a  given  dental  porcelain  can  be  used  with  every  alloy  system.  Moreover, 
success  with  the  single  unit  PFM  crown  is  no  guarantee  of  suitable  pairing 
in  a  fixed  partial  denture .  Occasionally,  a  metal  and  a  porcelain  lack  a 
predictable  level  of  compatibility;  and,  as  a  result,  the  porcelain  may 
fracture  or  a  portion  may  unexpectedly  pop  off  the  metal  surface  (Fig.  3_ti). 
Porcelain  crazes  and  fractures  may  be  indicative  of  incompatibility  between 
the  metal  and  the  porcelain.  On  the  other  hand,  not  all  mismatches  are 
readily  identif iable. 


Figure  3-o.  Porcelain  fractures  (arrows) 
may  be  an  indication  of  a  porcelain-metal 
incompatibility.  Immediate  or  delayed 
fractures  may  be  observed,  especially 
during  the  cooling  phase. 


£y 


Perhaps  the  discussion  of  compatibility  could  be  better  understood  if 
it  were  examined  from  two  different  perspectives:  physical  compatibility,  and 
chemical  compatibility.  The  segregation  of  compatibility  into  categories  is 
the  choice  of  the  author,  and  may  be  a  point  for  discussion  by  more  learned 
specialists  in  dental  materials.  However,  this  differentiation  does  permit 
recognition  of  different  types  of  compatibility  and  incompatibility,  and 
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Although  it  may  not  always  be  made  clear,  there  is  undoubtedly  a  range  of 
physical  compatibility.  In  other  words,  the  metal  and  the  porcelain  can  vary 
just  so  far;  and,  when  conditions  take  either  material  outside  this  "range"  of 
compatibility,  then  problems  may  arise.  When  we  observe  porcelain  cracking  or 
crazing  during  the  cooling  phase,  we  may  not  always  think  of  this  as  an  example 
of  a  less  than  ideal  match  of  coefficients  of  thermal  expansion.  The  cracking 
could  be  due  to  poor  technique,  or  it  might  be  an  indication  of  pairing  outside 
the  workable  range  of  physical  compatibility,  especially  if  such  an  event 
occurs  routinely  with  single  unit  crowns.  A  greater  challenge  would  be  to  test 
the  two  materials  in  a  three-unit  fixed  partial  denture  with  a  metal  pontic. 
Should  cracking  or  a  complete  bond  failure  occur,  then  one  should  suspect  a 
mismatch  of  coefficients  of  thermal  expansion. 

A  comparison  of  the  coefficient  of  thermal  expansion  can  not  be  used  to 
predict  the  compatibility  of  a  dental  porcelain  and  an  alloy.  Many  factors 
contribute  to  compatibility,  and  the  coefficient  of  thermal  expansion  is  but 
one. 


b.  Chemical  Compatibility 


Perhaps  the  best  example  of  chemical  compatibility  is  the  porcelain- 
alloy  bond.  Dental  porcelain  is  believed  to  adhere  to  PFM  alloys  through  a 
combination  of  mechanisms,  but  the  attachment  is  primarily  thought  to  be  a 
chemical  bond.3>°  The  surface  oxides  on  the  metal  substrate  are  able  to 
interact  favorably  with  the  porcelain  oxides  and  form  a  porcelain-metal  oxide 
bond.  This  is  a  prime  example  of  chemical  compatibility. 


Another  example  of  chemical  compatibility,  or  incompatibility,  may  be 
silver  discoloration  of  dental  porcelain.  What  happens  when  that  metal 
substructure  is  an  alloy  which  contains  more  than  10%  silver?  With  some 
dental  porcelains,  there  may  be  an  undesirable  chemical  reaction  between 
silver  vapors  and  some  components  in  the  porcelain.  The  result  may  be  the 
production  of  a  green,  yellow,  or  brown  discoloration  of  the  porcelain 
adjacent  to  the  porcelain-metal  junction. ^9 

How  better  to  describe  this  occurrence  as  an  undesirable  chemical 
reaction  or,  to  put  it  more  simply,  a  chemical  incompatibility.  As  mentioned 
previously,  there  are  two  dental  porcelains  which  reportedly  are  resistant  to 
porcelain  discoloration  when  used  with  silver-containing  alloys:  Will-Ceram,* 
and  Artis-Tech.  These  porcelains  apparently  differ  from  those  which  are  not 
as  resistant  to  discoloration,  and  perhaps  may  also  be  described  as  chemically 
compatible  with  silver-containing  alloys. 

Either  a  metal  or  ceramic  bonding  agent  is  recommended  for  those  dental 
porcelains  not  possessing  such  a  chemical  compatibility  with  silver-containing 
metals.  Bonding  agents  may  help  to  produce  a  physical  barrier  and  to  prevent 
undesirable  chemical  interactions. 


Williams  Gold  Refining  Company,  Buffalo,  NY. 
Rx  Jeneric  Gold  Company,  Wallingford,  CT. 
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SECTION  4: 


SPRUING,  INVESTING ,  AND  GASTIHG  TECHHIQUES 
4-1.  INTRODUCTION 

A  great  deal  of  the  success  for  the  production  of  high  quality  PFM 
restorations  is  achieved  through  an  appreciation  of  the  theory  and  practice 
of  proper  spruing,  investing,  and  casting,  particularly  when  switching 
from  a  gold-base  alloy  to  a  non-gold  base  system.  Certain  modifications 
in  technique  have  been  recommended  for  the  non-gold  base  metals  and  the 
non-precious  alloys,  in  particular. 

To  prevent  potential  pitfalls  or  misunderstandings  when  using  these 
alternative  alloys,  the  subjects  of  spruing,  investing,  and  casting  are 
addressed  separately  here.  After  a  general  introduction,  each  topic  is 
examined, with  emphasis  on  those  factors  affecting  non-gold  base  metals,  in 
particular. 


4-2.  SPRUING  TECHHIQUES 

One  of  the  initial  decisions  a  technician  must  make,  when  preparing  a 
wax-up  for  investing,  is  the  selection  of  an  appropriate  sprue  system.  Each 
case  must  be  analyzed  to  ensure  that  adequate  molten  alloy  will  be  made  avail¬ 
able  to  each  unit.  Several  important  factors  to  consider  are:  the  spruing 
method  (direct  vs.  indirect);  sprue  placement  (or  location);  sprue  gauge; 
sprue  length;  reservoir  location;  constricted  spruing;  the  Rousseau  Casting 
System;  sprue  composition  (wax  vs.  plastic);  and  the  use  of  prefabricated 
sprues. 


a.  SPRUING  METHODS 

Wax  patterns  can  be  sprued  by  one  of  two  different  methods — directly 
or  indirectly.  There  are  advantages  and  disadvantages  to  both  techniques, 
and  the  philosophy  behind  each  should  be  understood. 

1.  Direct  Spruing  -  As  the  name  alone  indicates,  with  direct  spruing 

the  path  created  for  the  flow  of  molten  metal  is  straight,  or  direct, 
from  the  crucible  to  the  wax  pattern  area  in  the  mold.  The  concept 
is  often  easier  to  create  than  indirect  spruing,  and  generally  requires 
less  time  and  effort.  More  often  than  not,  this  approach  is  recom¬ 
mended  for  single  units  or  small  patterns.  A  straight  sprue  is  simply 
luted  to  the  thickest  portion  of  the  wax  pattern  at  one  end  and  secured 
to  the  sprue  former  at  the  other  (Fig.  4-l).  However,  the  technique 
can  also  be  modified  to  include  a  ball,  or  round  reservoir,  between 
the  pattern  and  the  button.  Despite  the  introduction  of  the  small 
reservoir,  the  technique  is  still  regarded  as  DIRECT  spruing. 

A  basic  weakness  of  DIRECT  spruing  is  the  inherent  potential  for 
suck-back  porosity  at  the  junction  of  casting  and  the  sprue. 
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(a)  (b) 

Figure  4-1.  Direct  spruing  for  single  units:  (a)  with  both  a  straight 
and  a  reservoir  type  sprue;  and  (B)  with  multiple  single 
units  arranged  with  reservoir  sprues. 


2.  Indirect  Spruing  -  The  development  of  an  indirect  system  to  feed 
molten  metal  to  a  series  of  patterns  is  the  basis  for  INDIRECT 
spruing.  With  this  particular  spruing  technique,  the  molten  metal 
does  not  flow  directly  from  the  casting  crucible  to  the  pattern  area 
in  the  heated  mold.  Instead,  the  voids  In  the  mold  created  by  the 
wax  patterns  fill  first  and  draw  needed  molten  alloy  from  an  adjoining 
reservoir  area.  The  reservoir,  or  connector,  bar  can  be  created  by 
using  a  6-  or  8-GAUGE  sprue  which  extends  beyond  the  width  of  the 
end  patterns  and  is  fed  by  two  sprue  leads  (Fig.  4-2).  A  larger  size 
reservoir  bar  may  be  necessary  for  multiple  molar  or  pontic  patterns. 
The  Rousseau  Casting  System,  another  example  of  INDIRECT  spruing, 
relies  on  unidirectional  (metal)  flow,  that  is,  one  feed  to  the 
reservoir  area  (Fig.  4-3). 1 

There  are  differences  of  opinion  on  the  need  for  INDIRECT  spruing 
with  cases  involving  single  unit  crowns,  or  multiple  single  units. 
Although  DIRECT  spruing  may  produce  acceptable  results  in  many 
instances,  INDIRECT  spruing  may  be  a  more  predictable  and  reliable 
approach.  In  addition,  the  use  of  prefabricated  INDIRECT  sprues 
permits  standardization,  within  the  technique,  to  improve  consistency 
and  to  help  eliminate  errors  in  sprue  design  and  reservoir  placement. 
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Figure  4-2.  Indirect  spruing  for  a  three-’’ lit  fixed  partial  denture. 

(Follow  this  example  for  indirect  spruing  of  multiple  and 
single  units,  if  you  prefer;  and  refer  to  the  respective 
alloy  instructions  for  the  specific  gauges  of  the  various 
components . ) 
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Figure  4-3.  The  Rousseau  Casting  System  is  based  upon  unidirectional 
(metal)  flow  and  constriction  of  the  pattern  sprue  at  the 
sorue-pattern  junction. 
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b.  SPRUE  PLACEMENT 

The  sprue  to  the  wax  pattern  (pattern  sprue)  should  be  attached  to  the 
largest  cross-sectional  area  of  the  wax  pattern,  thus  ensuring  a  flow  of 
molten  alloy  from  a  region  of  large  volume  (thickest  area)  to  regions  of 
lesser  volume  (thin  sections).  Failure  to  follow  this  prescribed  sequence 
might  result  in  incomplete  castings,  should  a  low  volume  (thin  section) 
undergo  solidification  before  the  mold  has  filled  completely — or  should 
shrinkage  porosity  occur  if  the  patterns  do  not  have  access  to  a  reservoir 
of  molten  metal. 

c.  SPRUE  GAUGE 

A  pattern  sprue  of  sufficient  size  should  be  selected  to  supply  the 
amount  of  alloy  needed  to  fill  the  pattern  mold.  The  round  wax  sprue  gauges 
are  conveniently  identified  with  a  gauge  number;  i.e.,  10,  8,  6,  etc.  The 
larger  the  gauge  number,  the  smaller  the  size  (diameter)  of  the  sprue.  Often 
an  alloy  manufacturer  will  include  recommendations  for  sprue  size  selection 
to  assist  the  technician.  However,  such  suggestions  are  made  without  benefit 
of  examining  the  individual  wax  patterns  in  question.  Therefore,  it  is  the 
technician's  responsibility  to  measure  the  wax  patterns,  evaluate  the 
particular  requirements  of  each  case,  and  determine  the  most  desirable  sprue 
gauge.  When  fashioning  an  indirect  spruing  system,  make  certain  the  reservoir 
is  larger  than  the  thickest  cross-sectional  area  of  the  pattern.  This  require¬ 
ment  is  particularly  important  when  spruing  metal  pontics  and  large  molar 
retainers.  Even  prefabricated  indirect  sprues  have  different  gauge  reservoir 
bars,  so  select  a  size  appropriate  for  the  particular  patterns  to  be  cast. 

d.  SPRUE  LENGTH 

With  the  DIRECT  spruing  method,  the  sprue  should  be  long  enough  to 
position  the  wax  pattern  in  a  cold  zone  (areas  outside  the  heat  center)  at 
the  opposite  end  from  the  sprue  former.  That  length  will  vary  with  the  type 
of  sprue  former  and  the  size  of  the  particular  casting  ring  used. 

There  are  differences  in  opinion  as  to  the  ideal  length  of  the  sprue 
from  the  reservoir  bar  to  the  wax  pattern  in  INDIRECT  spruing.  Some  have 
recommended  the  elimination  of  an  intermediate,  or  pattern,  sprue  in  favor 
of  pattern  placement  directly  on  the  reservoir  bar. 2  Others  suggest  maintain¬ 
ing  1/4  in. (6  mm)  between  the  reservoir  and  the  wax  pattern.^  Pattern  place¬ 
ment  off  the  reservoir  bar  is  highly  recommended  to  ensure  location  of  the 
patterns  outside  the  thermal  zone,  or  heat  center  of  the  casting  ring.1* 
Experience  has  shown  that  a  5-mm  pattern  sprue  is  often  sufficient  to  meet 
this  requirement. 

e.  LOCATION  OF  THE  RESERVOIR 

There  appears  to  be  general  agreement  that  the  reservoir  portion  of  a 
spruing  system,  be  it  a  6-,  3-  or  1-GAUGE  bar  or  round  ball,  should  be 
positioned  in  the  heat  center  of  a  casting  ring.  In  this  wa/,  the  reservoir 
can  provide  molten  alloy  for  the  patterns  during  the  pattern  solidification 
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process.  The  sprued  case  should  be  weighed,  and  the  weight  of  the  sprue  former 
subtracted.  The  difference  is  the  weight  of  the  indirect  spruing  system,  and 
that  is  all  that  is  necessary  to  cast.  No  button  is  desired  with  indirect 
spruing,  because  the  button  competes  with  the  reservoir  as  the  largest  mass 
of  metal,  and  influences  the  location  of  the  heat  center  of  the  casting  ring. 
This  subject  is  explained  in  greater  detail  in  Section  4  (subsection  4-4). 


f.  CONSTRICTED  SPRUING 

Tapering  the  sprue  at  the  junction  of  the  wax  pattern  rather  than  bulk¬ 
ing  up  this  area  is  referred  to  as  "constricted  spruing"  (Fig.  4-3).  McLean 
contends  that  the  taper  enables  the  sprue  to  function  more  like  a  true  reser¬ 
voir,  thereby  decreasing  the  likelihood  of  suck-back  porosity.^  However,  a 
study  by  Compagni  et  al.  found  that  the  "bottleneck  connection"  (constricted 
sprue)  had  the  worst  results. ^  Unfortunately,  they  did  not  use  pattern  sprues 
to  separate  the  wax  patterns  from  the  reservoir — a  fact  which  may  have  had  an 
effect  on  their  results.  However,  they  were  consistent  in  not  including  the 
intermediate  (pattern)  sprue  in  all  the4r  indirect  spruing. 2 


The  Unitek  Corporation  recommends  constricted  spruing  for  their  nickel- 
chromium  beryllium-free  alloy,  Forte.*  With  this  lower  density,  non-precious 
metal,  a  constricted  sprue  literally  sprays  molten  alloy  into  the  heated  mold. 3 
However,  in  their  instructions  for  spruing  the  high  palladium-copper  alloy, 
PG-80+  ,  they  stress  the  opposite:  "Do  not  constrict  the  sprue/pattern  opening." 
Why  the  difference?  The  answer  is  probably  attributed  to  alloy  density.  The 
constriction  is  helpful  in  the  mold-filling  process  for  lower  density  non¬ 
precious  alloys.  But,  as  the  density  of  the  metal  increases  and  approaches 
that  of  gold-base  alloys,  the  benefit  is  diminished.  Constriction  is  more  apt 
to  interfere  with  the  molding  filling  of  denser  metals,  and  may  increase  the 
likelihood  of  suck-back  porosity.  The  basic  concept  is  that  the  greater  the 
alloy  density,  the  greater  the  sprue-pattern  access.  The  opposite  may  be  true 
for  lower  density,  non-precious  alloys. 

In  one  castability  study  employing  a  nickel-chromium  alloy  and  ingate 
widths  (widths  of  sprue-pattern  attachment)  of  1,  2,  and  3  mm.  however,  the 
constricted  sprue  (l  mm  width)  had  the  least  favorable  results. 2  It  was  also 
found  that  vented  patterns  cast  more  completely  than  urvented.  Yet,  ail  the 
castings  with  a  sprue  width  of  1  mm  were  defective,  regardless  of  whether  or  not 
vents  were  used. 5  The  type  of  failure  in  the  castings  was  suck-bacx  porosity  at 
the  sprue-pattern  interface. 5 

Invariably,  some  individuals  will  encounter  success  using  constricted 
spruing  for  all  alloy  systems,  regardless  of  density  levels.  This  is  not  to 
say  that  both  techniques  will  not  work.  However,  the  recommendation  for  the 
limited  use  of  constricted  spruing  is  to  promote  a  technique  which  is  more 
likely  to  offer  consistent  and  highly  reproducible  results. 


Unitek  Corporation,  Monrovia,  CA  yi0l6. 
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g.  THE  ROUSSEAU  CASTING  SYSTEM 


The  Rousseau  Casting  System  (RCS),  developed  by  Mr.  Carl  H.  Rousseau  in 
1981,  is  principled  after  the  INDIRECT  spruing  concept  with  several  changes^ 
(Fig.  4-3).  The  flow  of  molten  metal  is  indeed  indirect,  but  unidirectional. 
The  reservoir  bar  is  located  in  the  thermal  zone,  and  pattern  (intermediate) 
sprues  are  used  to  POSITION  the  wax  patterns  outside  the  heat  center. ^  The 
pattern  sprues  are,  however,  constricted  at  the  sprue-pattern  junction  as 
suggested  by  McLean. ^ 


This  particular  system  was  not  studied  in  our  testing  program,  but  should 
be  considered  for  evaluation  by  those  interested  in  new  spruing  techniques. 


h.  SPRUE  COMPOSITION  -  WAX  VS.  PLASTIC 

Although  it  is  not  often  emphasized,  investment  burnout  techniques  should 
vary  for  plastic  sprues  as  opposed  to  an  all  wax  system.  In  fact,  the  burnout 
instructions  included  in  Sections  6-11  are  for  users  of  wax  sprues.  Wax  melts 
readily  in  the  normal  course  of  the  burnout  process,  leaving  little  concern  for 
carbon  residues  after  proper  heat-soaking  at  the  recommended  maximum  heat- 
soaking  temperature. 

As  compared  with  wax,  plastic  sprues  do  not  burn  out  as  readily  through 
the  lower  temperature  range;  and  there  is  more  potential  for  carbon  residue  to 
remain  in  the  mold.  Plastic  also  undergoes  more  expansion  before  softening,  a 
characteristic  which  can  be  responsible  for  investment  cracking.  More  impor¬ 
tantly,  if  the  pathway  for  the  escape  of  molten  wax  is  blocked  by  an  unmelted 
plastic  spruing  system,  the  wax  may  overheat  (boil)  and  deteriorate  the  mold 
surface.  The  resultant  castings  might  exhibit  a  high  degree  of  surface  rough¬ 
ness. 


Manufacturers  of  plastic  sprues  may  recommend  applying  a  layer  of  wax  over 
the  entire  surface  area  of  the  sprue  to  produce  an  escape  mechanism  for  the 
melting  wax  patterns.  That  procedure  not  only  requires  more  time,  but  may  lead 
to  surface  irregularities  in  the  investment  if  the  wax  is  not  flowed  evenly  and 
smoothly  over  the  plastic.  If  plastic  sprues  are  used,  a  two-stage  burnout 
procedure  is  highly  recommended.  Burn  out  at  600  °F  for  30  minutes  (single  ring); 
then  reset  the  oven  to  the  desired  high,  heat-soaking  temperature,  and  continue 
the  burnout  procedure.  If  no  specific  two-stage  burnout  technique  is  provided 
with  your  present  alloy,  contact  the  alloy  manufacturer  for  guidance. 
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i.  PREFABRICATED  SPRUES 

The  task  of  spruing  and  investing  can  be  made  easier,  and  certainly  more 
consistent,  when  prefabricated  wax  sprues  are  used.  These  ready-made  patterns 
offer  an  efficient  and  time-saving  method  for  spruing,  with  minimal  product 
modification  (Figs.  4-4  to  4-7).  More  importantly,  prefabricated  sprues  can 
eliminate  the  need  for  each  technician  to  construct  a  personal  interpretation 
of  an  appropriate  INDIRECT  sprue  design.  However,  the  sprue  must  be  used  with 
an  appropriately  sized  ring  and  in  keeping  with  the  Laws  of  Casting. 
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1.  Casting  Oval  System  (Belle  de  St.  Claire)* 

The  design  of  the  prefabricated  indirect  sprue  (Ready  Sprue)  permits 
rapid  placement  of  the  pattern  in  the  accompanying  sprue  former  and  consistent 
location  of  the  reservoir  bar  in  the  oval  casting  ring.  Products  such  as  the 
Casting  Oval  System  help  ensure  consistent  placement  of  the  reservoir  bar  in  the 
heat  center  of  the  casting  ring  when  they  are  used  as  a  system  (prefabricated 
sprue,  sprue  former  and  matching  casting  ring). 

Removal  of  the  solid  center  web  is  suggested  to  permit  isolation  of  the 
runner  bar  as  recommended  in  INDIRECT  spruing  (Figs.  U-5  &  ^*-6).  This  modifica¬ 
tion  does  represent  a  departure  from  the  Belle  de  St.  Claire  philosophy,  which 
contends  that  the  web  enables  the  molten  alloy  to  enter  the  mold  very  quickly 
and  without  disturbance.  That  contention  may  indeed  be  true;  however,  the  web 
does  permits  metal  flow  directly  to  the  patterns  as  in  DIRECT  spruing.  The 
elimination  of  the  web  also  creates  a  true  INDIRECT  spruing  system,  isolating 
the  horizontal  runner  bar  from  the  sprues  leads  that  feed  it. 

The  runner  bar  is  6-gauge  for  both  the  large  and  the  small  wax  Ready 
Sprue  patterns.  This  gauge  is  appropriate  for  reservoir  bars  which  are  used  for 
small-  and  medium-size  wax  patterns  (copings  and  metal  occlusal  substructures) 
for  single  units  or  small  fixed  partial  dentures. 

The  oval  sprue  former  should  be  indexed  with  a  drop  of  wax  to  permit 
identification  of  the  trailing  edge  of  the  wax  patterns  (Fig.  lt-6).  This  step 
makes  it  possible  for  the  technician  to  orient  the  ring  in  the  cradle  of  the 
casting  machine  to  enable  the  molten  alloy  to  flow  toward  the  trailing  edge 
(margins)  of  the  patterns. 


2.  Tri-Wax  System  (Williams  Gold  Refining  Company)** 

The  prefabricated  Tri-Wax  indirect  sprue  system  has  a  3-GAUGE  runner 
bar  and  7-GAUGE  sprue  leads  which  make  it  particularly  useful  for  large  pontics 
or  thick  wax  molar  patterns.  The  cross-sectional  area  of  a  Tri-Wax  reservoir 
bar  is  much  larger  than  that  of  the  Ready  Sprues  (Fig.  1+-8). 

Although  the  Tri-Wax  pattern  will  seat  in  the  small  Belle  de  St.  Claire* 
oval  sprue  former,  the  runner  bar  must  be  shortened  at  each  end  to  make  room 
for  the  ring,  the  ring  lintr,  and  an  adequate  amount  of  investment.  Despite 
the  differences  in  size,  the  position  of  the  Tri-Wax  reservoir  bar  in  the  oval 
ring  of  the  Casting  Oval  System  is  approximately  the  same  as  that  of  a  Ready 
Sprue.  Therefore,  both  prefabricated  wax  patterns  could  be  used  with  the  Belle 
de  St.  Claire  oval  rings  and  sprue  formers. 


Belle  de  St.  Claire,  Vac  Nuys,  CA. 

Williams  Gold  Refining  Company,  Buffalo,  NY. 
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U-3.  CASTING  IHVESB4EHTS  ABD  MVEST1BG  TECHNIQUES 

The  non-gold  base,  PFM  alloys  often  require  some  modifications  to  the 
investing  procedures  typically  associated  with  high-gold  content  metals. 
These  changes  are  required  to  avoid  potential  unfavorable  interactions, 
between  components  of  the  investment  and  elements  in  the  various  alloys, 
which  might  result  in  an  unsatisfactory  casting. 


a.  TYPES  OF  HIGH-HEAT  INVESTMENTS 

The  high  melting  ranges  of  PFM  alloys  exceed  the  upper  limits  of  the 
gypsum-bonded  investments,  and  require  the  use  of  the  phosphate-bonded  or 
silica-bonded  casting  investments.  Our  experience  has  been  limited  to  the 
two  varieties  of  phosphate-bonded  investments:  the  carbon-containing,  and 
the  non-carbon  containing. 

1.  Carbon-Containing  Phosphate-Bonded  Investments.  This  first  type  of 
high-heat  investment  is  gray-black  in  color,  due  to  the  presence  of 
carbon.  One  reason  carbon  is  added  to  the  investment  is  to  facilitate 
divestment.  The  investment  itself  may  appear  coarse  by  comparison  with 
a  gypsum-bonded  investment.  Generally  the  phosphate  type  of  investments 
requires  a  special  liquid  for  mixing  rather  than  distilled  water.  When 
the  liquid  is  used  full  strength,  maximum  investment  setting  expansion 
and  working  time  are  achieved.  By  diluting  the  special  liquid,  the 
expansion  can  be  adjusted  to  the  requirements  of  the  particular 
alloy  used;  but  the  working  time  will  also  be  decreased. 

Suggested  dilution  ratios  for  some  investments  are  included  in  the 
technical  descriptions  for  the  alloys  tested.  These  ratios  should 
only  be  considered  starting  points  which  may  be  adjusted  to  meet  your 
particular  requirements. 


2.  Non-Carbon  Containing  Phosphate-Bonded  Investments.  The  non-carbon 
investments  are  easily  identified  by  their  white  color,  before  and 
after  mixing.  They  were  developed  for  those  who  wished  to  avoid  any 
possible  interaction  between  carbon  and  the  nickel-  and  cobalt-base, 
non-precious  alloys,  as  well  as  the  palladium-base,  precious  metals. 
Apparently,  these  alloy  systems  are  capable  of  dissolving  available 
carbon.  Carbon  absorption  can  result  in  carbide  formation  and/ or 
porosity  due  to  carbon  inclusions.  Some  manufacturers  of  carbon- 
containing  investments  contend  that,  if  a  ring  is  burned  out  appropri¬ 
ately  and  heat-soaked  at  the  prescribed  high  temperature,  no  carbon 
residue  should  remain.  They  suggest  more  risk  of  carbon  contamination 
lies  with  an  improperly  adjusted  torch  than  in  a  carbon-containing 
investment.  Proponents  of  the  non-carbon  Investments  like  the  added 
security  that  using  a  carbon-less  system  provides.  Their  contention 
is:  "Why  use  an  investment  which  contains  carbon,  and  thus  run  any 
risk  at  all?" 
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The  non-carbon  investments  are  also  generally  coarse-grained,  like 
their  carbon-containing  counterparts.  The  one  exception  encountered 
was  the  fine-particle  investment,  Vestra-fine  (Fig.  4-9).  This 
particular  material  mixes  to  a  smooth,  creamy  consistency  with  ample 
working  time,  even  when  the  special  liquid  has  been  diluted  (Fig.  4-10). 


Figure  4-9.  Vestra-fine  is  a  non-carbon 
(white)  phosphate-bonded  investment, 
suitable  for  use  with  all  PFM  alloys 
as  well  as  Type  III  gold. 


Figure  4-10.  When  mixed,  Vestra-fine 
produces  a  smooth,  creamy  investment 
that  can  be  poured  into  the  casting 
ring. 


b.  INVESTMENT-CASTING  ALLOY  INTERACTIONS 

In  the  course  of  this  evaluation,  variations  in  the  performance  of  alloys 
with  different  investments  were  observed.  It  became  apparent  that  initial 
problems  attributed  to  a  given  metal  were,  in  fact,  possibly  due  to  the  partic¬ 
ular  investment  used.  Excessive  nodule  formation  and  fins  might  occur  more 
frequently  with  one  investment,  but  not  at  all  with  another  (Fig.  4-11 ). 

Alloy  manufacturers  frequently  state  that  their  alloys  may  be  used  with 
virtually  any  commercially  available  phosphate-bonded  investment.  That  has 
not  been  our  experience;  and  other  studies  support  the  belief  that  casting 
alloy-investment  pairing  can  influence  results. 6, 7  For  example,  Barreto  et 
al.  have  even  recommended  testing  alloy-investment  interaction  prior  to  actual 
clinical  use. 6  They  suggest  that  conflicting  and/or  controversial  castability 
results  for  the  non-precious  alloys  may  not  be  due  to  the  alloys  themselves, 
but  to  an  improper  investment-alloy  pairing. 6  The  findings  of  our  study  support 
that  belief;  and  the  results  of  any  castability  study  should  be  evaluated,  with 
attention  being  given  to  the  particular  casting  investment s )  usei. 


Unitek  Corporation,  Monrovia,  CA. 
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b.  CHOICE  OF  FUELS 

The  selection  of  an  appropriate  fuel  source  is  an  item  often  overlooked, 
or  neglected,  despite  its  importance  in  the  casting  procedure.  The  three  gases 
which  merit  specific  discussion  are:  acetylene,  natural  gas,  and  propane. 

1.  Acetylene  -  This  is  a  colorless  gas  possessing  a  very  distinct, 

garlic-like  odor.^  Actylene  will  burn  in  air  and  can  generate  a 
flame  approaching  3000  °F,  which  is  hotter  than  that  produced  by 
natural  gas.^  Unfortunately,  acetylene  is  a  contaminated  fuel 
source  (contains  carbon,  among  other  elements),  and  it  should  not 
be  used  to  melt  PFM  alloys. 

2.  Natural  Gas  -  This  naturally  occurring  gas  is  the  by-product  of  the 

"natural"  decomposition  of  organic  matter  in  the  ground. &  When  natural 
gas  is  mixed  with  air,  the  resultant  flame  approaches  a  temperature  of 
2200  °E.  Higher  temperatures  can  be  achieved  to  melt  the  high-fusing 
precious  and  non-precious  PFM  alloys,  simply  by  substituting  oxygen 
for  air-. 

Natural  gas  is  an  acceptable  fuel  source,  although  it  is  not  ideal. 

Some  of  the  problems  confronting  natural  gas  users  (not  necessarily 
Air  Force  facilities)  include:  inadequate  pressure  level  within  the 
gas  line;  fluctuation  in  the  pressure  level  while  casting;  water 
contamination  in  the  line;  and  variations  in  composition  by  different 
gas  companies.  Despite  these  limitations,  natural  gas  is  a  widely 
used  fuel. 

3.  Propane  -  The  major  limitations  of  natural  gas  can  be  overcome  by 

the  use  of  bottled  propane  gas.  A  constant,  regulated  mixture  of 
propane  and  oxygen  ensures  a  clean,  consistent  burn  and  a  more  ideal 
melt. 


c.  CENTRIFUGAL  CASTING 

All  of  the  precious  and  non-precious  non-gold  base  ceramic  alloys  can  be 
satisfactori ly  cast  in  a  conventional  centrifugal  casting  machine.  A] though 
induction  casting  might  be  more  helpful,  it  is  certainly  not  a  requirement 
for  those  who  wish  to  use  alternative  alloys.  However,  the  lower  density 
alloys  normally  require  one  additional  win!  of  the  casting  machine  arm. 


d.  INDUCTION  CASTING 

The  idea  of  making  the  casting  process  mot'' •  of  a  mechanical  operation, 
devoid  of  human  variability  and  1 neptness,  is  what  makes  induction  cast! nr 
appear  attractive.  Unfortunately,  the  equipment  is  so  costly  that,  this  casting 
method  is  left  to  the  much  larger  area  dental  laboratories.  Moreover,  net  ail. 
induction  casting  machines  are  an  helpful  as  c‘hers.  Finding  an  acceptable 
unit  is  not  as  easy  a  task  as  it  might  appear. 


-SECTION  4- 


e.  CASTING  CRUCIBLES 


Both  the  precious  and  the  non-precious  PFM  alloy  should  be  heated  in 
either  an  alumina  or  a  quartz  crucible  (Fig.  k-13) .  Clay  and  carbon  crucibles 
should  NOT  be  used.  Clay  can  not  withstand  the  high  melting  temperatures  of 
these  alloys.  The  clay  will  literally  break  down  during  the  casting  process, 
and  possibly  contaminate  the  molten  alloy.  Carbon  crucibles  are  potentially 
more  damaging  to  nickel-  and  palladium-base  alloys,  because  the  molten  alloy 
can  absorb  the  readily  available  carbon.  Carbon  absorption  can  actually  cause 
the  metal  to  realloy  in  the  casting  crucible,  forming  carbides  which  embrittle 
the  casting. 


It  is  best  to  preheat  the  alumina  or  quartz  crucible  in  the  burnout  oven 
with  the  casting  rings.  Preheating  gradually  warms  the  crucible,  prevents 
crucible  cracking  (spalling),  and  prolongs  the  life  of  the  crucible.  These 
crucibles  are  self-glazing  and,  therefore,  do  not  require  a  crucible  liner. 

Either  use  color-coded  crucibles  (Belle  de  St.  Claire),  or  carve  the 
alloy  name  in  the  crucible  itself  to  prevent  alloy  contamination  (Fig.  4-l4). 
Do  not  use  different  alloys  in  the  same  crucible. 


Figure  4-13.  The  smaller  clay  crucible 
(top)  is  suitable  for  Type  III  gold; 
but  quartz  crucibles  (shown  at  bottom) 
or,  more  preferably,  zircon-alumina, 
are  recommended  for  PFM  alloys. 


Figure  4-14.  The  Belle  de  St.  Claire 
color-coded,  zircon-alumina  crucibles 
can  each  be  assigned  to  a  specific 
alloy  to  avoid  cross-contamination  by 
different  alloy  systems. 


Belle  de  ot.  Claire,  Van  Nuys,  CA. 


/  /  f 


■SECTION  4 


f.  THERMATHOL  2500  CASTING  MACHINES 

Electric  casting  machines,  such  ns  the  Thermo  fro!  up 00,  are  .not  gener a’ ly¬ 
re  commended  for  the  palladium-,  nicK.el-,  or  cobalt-base  metals,  if  they  involve 
the  use  of  a  carbon  crucible. 


g.  BLASTING  COMPOUNDS 

The  commercially  available  abrasive  compounds  on  the  mar-vet  today  include: 
aluminum  oxide  (AI2O3) ;  general  purpose  blasting  compound;  and  glass  beats. 

All  three  compounds  can  remove  casting  investment  and  surface  ox ices  from 
a  casting  after  divesting.  Pure,  non-recycle  i  aluminum  oxide  (white  color)  is 
most  frequently  used  to  air-abrade  the  porcelain-bearing  surfaces  of  the  metal 
substrata  prior  to  oxidation  (Fig.  4-15).  A  50-jum  grit  variety  is  generally 
recommended  for  this  procedure,  reserving  the  25->im  size  abrasive  for  carving 
occlusal  anatomy  in  fired  porcelain. 


Figure  4-15.  Dental  porcelain  and 
porcelain-bearing  areas  of  a  metal 
substructure  should  only  be  air- 
abraded  with  pure,  white  aluminum 
oxide  (right).  'The  gray  abrasive 
powders  contain  impurities  which 
may  contaminate  the  porcelain. 


U-5.  THE  LAWS  OF  CASTING 


Casting  dental  a  1  i  >.  -1.:.  an:  si,-  -u !  :  he  considered  both  an  art  and  a 

science,  govern*  :  by  s  :re  v eel  fie  ru.es  or  laws.  While  many  general 
concepts  prevail,  a  greo*  .  ,-f  :.-r.  r-.al  Ization  Is  often  in  each  dental 

technician's  approach  *.:■  oa  si ns ;  !.>•.,  the  ant  of  casting.  The  science  of 
casting  pertain.--  to  t  hen--  fa  r  \ ,  or  fen  t.ures,  which  reflect  the  influence  of 
the  science  of  ienta!  technology .  Mar.y  of  the  casting  problems  encountered 
can  be  attributes  to  a  ’.no*  -.if  understanding  of  a:  propria  te  engine  protocol 
and/or  a  fai  lure  ro  .  lh ere  t  >  the  bar. ic  principle:-;  of  casting. 


One  of  the  important  foundations  of  the  Laws  of  Easting  is  *  h.nt  every 
casting  contai:-.s  per  os  i  tv ,  :ue  to  so  1  i  :  i  f  i  e-a  li  on  shrl  ‘  that  porosity 

invariably  occurs  in  the  last  portion,  of  me Vt .  r  r  .•>->! .  .  the 

challenge  before  the  technician  is  t  ;  unde-stan;  the  sc  loner-  of  casting,  to 

control  the  location  of  t.nat  porosity  w ;  f.hir.  Mi-1  -pruir,--  system  nr..:  pro  :uc»=- 

a  porosi ty-free  restoration.  line  Laws  of  Casting  ..—  .  :d  -  -  -  tr.-y 
oertain  to  spruing,  inverting  and  be-  .  ,  • 
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II  Refining  Company'  began  wcr.-c  or.  an  audio- 
h  included  14  lavs  relative  to  the  principles 
sting.  Some  additional  lavs  have  been  added,  based 
os,  and  conclusions  from  this  project.  The  end 
ate  recommendations  for  spruing,  investing,  burning 
rcceiures.  Collectively ,  these  guidelines  vill  be 
lAS'ING.  t 


SPRUING 


a.  THE  Lst  LAW  OF  CASTING 

Attach  the  pattern  sprue  to  the  thickest  cross-sectional  area  of  the  wax 
pattern.  The  flew  of  molten  alloy  from  the  reservoir  to  the  pattern  margins 
should  be  free  regions  of  greater  volume  to  areas  of  lesser  volume  (margins). 
This  aim  is  best  accomplished  by  attaching  the  pattern  sprue  to  the  most 
practical  portion  of  the  occlusal/ incisal  surface.  It  is  ill-advised  to  consi¬ 
der  u-.rue  placement  in  a  cut-back,  area  0.4  mm  thicx,  if  an  adjacent,  fully 
contoured  cusp  is  available.  Molten  metal  flowing  from  a  thin  area  (0.4  mm) 
to  «  thicker  "egion  (full  wax-up)  may  solidify  before  the  mold  is  completely 

f  \  •  i  ;  „ 

The  PENALTIES  for  not  obeying  this  law  are:  COLD  SHUTS,  SHORT  MARGINS, 
or  TN'-fMPLETS  CASTINGS. 

b.  THE  2nd  LAW  OF  CASTING 

Orient  the  wax  pattern  margins  to  the  right  and  mark  their  location 
(Fig.  k-L’i).  With  centrifugal  casting,  the  wax  patterns  should  be  positioned 
so  that  their  margins  face  to  the  right,  to  take  advantage  of  the  centrifugal, 
rotational,  and  gravitational  forces  on  the  molten  metal . Place  a  small 
dot  of  wax  on  the  sprue  former  so  you  will  know  how  to  position  the  ring  prop¬ 
er  '  v  in  the  ca ; 1 1  rig  cradle,  once  the  patterns  have  been  invested  (Fig.  4  -  3.6/ 

The  PI  Ha  LIT  FT  r'.>r  not  obeying  this  law  are:  COLD  SHUTS  and  SHORT  MARGINS 
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c.  THE  3rd  LAW  OF  CASTING 

Place  the  wax  patterns  (restorations)  in  a  COLD  ZONE  of  the  investment 
mold,  and  position  the  reservoir  in  the  HEAT  CENTER  of  the  ring  (Fig.  L— IT ) - 
The  coolest  portions  of  the  mold  (COLD  ZONES)  are  located  at  the  end  of  the 
ring  opposite  the  crucible  and  along  the  ring  periphery.  By  limiting  the 
amount  of  casting  investment  over  the  wax  patterns  to  no  more  than  1/4  in., 
there  is  greater  opportunity  for  molten  alloy  in  this  area  to  cool  first.  On 
the  other  hand,  the  hottest  portion  of  the  casting  ring  is  located  near  the 
center  and  thus  is  referred  to  as  the  "HEAT  CENTER."^  Ideally,  the  reservoir 
should  remain  molten  longest  to  obey  this  law  and  permit  the  patterns  to  cool 
first.  Adherence  to  this  law  improves  the  likelihood  that  casting  porosity 
will  occur  in  the  reservoir  rather  than  in  the  restoration. 

The  PENtTrY  for  not  obeying  this  law  is  SHRINKAGE  POROSITY  in  the 
restoration . 


i.  THE  Uth  I, AW  OF  CASTING 

The  reservoir  must  have  enough  molten  alloy  available  to  fill  the 
shrinkage  that  occurs  within  the  restoration. 9  The  alloy  which  enters  the 
pattern  (restoration)  area  should  cool  first.  During  the  cooling  process, 
the  metal  shrinks  Inside,  thus  creating  a  vacuum.  For  the  restoration  to  be 
a  complete  casting,  the  vacuum  must  be  able  to  draw  additional  molten  alloy 
from  an  adjacent  source  —  the  reservoir.  One  effective  reservoir  is  a  runner 
bar  equivalent  to  the  thickest  cross-sectional  area  of  the  wax  pattern 
(Fig.  14-18). 


The  PENALi  Ih.::i  for  not  obeying  this  law  are:  SHRINKAGE  POROSITY  and/or 
SUCK-BACK  POROSITY.  A  very  common  location  for  such  porosity  is  at  the 
sprue-pattern  june t.ion . 


Figure  .  17.  I  :•  :  :>• ,  f  he  reservoir  Figure  4-18.  The  reservoir  bar's  diameter 

bar  sh  -  1 1  i  !><••  ■  ‘ i  in  t.he  "HEAT  is  at  least  equal  to  the  thickest  part  of 

;’HJ  -Mi"  ■  •'  •  •  •  t  ring.  the  castings,  and  contains  ample  metal  to 

cast  the  two  units  without  a  button. 
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e.  THE  5th  LAW  OF  CASTING 

Do  not  cast  a  button  if  a  runner  bar,  or  other  internal  reservoir,  is 
used  (Fig.  4-ly) .9  in  INDIRECT  SPRUING,  the  largest  mass  of  molten  metal 
should  be  the  reservoir,  and  the  presence  of  a  button  is  counterproductive. 

Tne  large  exposed  surface  area  ensures  that  the  button  cools  before  the 
patterns.  As  a  result,  the  button  draws  available  molten  metal  from  the 
reservoir,  thereby  reducing  the  feed  of  molten  alloy  to  the  restorations. 

The  best  method  to  eliminate  a  button  is  to  weigh  the  wax  patterns.  Simply 
weigh  the  sprue  former,  and  weigh  the  completed  wax-up;  then  the  difference 
between  the  two  is  the  amount  of  wax  above  the  top  of  the  sprue  former;  i.e., 
the  INDIRECT  SPRUE  SYSTEM  (Figs.  4-20  to  4-27).  An  alternative  method  is 
to  multiply  the  weight  of  the  wax-up  times  the  density  of  tne  alloy,  ’i he 
product  is  the  approximate  amount  of  metal  needed. 

The  PENALTIES  for  not  obeying  this  law  are:  SHRINKAGE  POROSITY,  SUCK-BACK 
POROSITY,  and  potential  DISTORTION  during  porcelain  firing. 


Figure  4-19.  The  use  of  too  much  metal 
can  produce  a  large  button  which  then 
competes  with  the  reservoir  bar  as  the 
largest  mass  of  molten  metal.  A  large 
button  can  also  prevent  the  bar  from 
being  in  the  heat  center  of  the  invest¬ 
ment. 


Figure  4-20.  Weigh  the  sprue  former 
after  filling  its  base  with  wax. 

Once  this  initial  weight  has  been 
determined,  it  should  be  recorded; 
for  this  step  does  not  have  to  be 
repeated . 


Belie  de  St.  C  alre,  Van  Nuys,  CA . 
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Pi;  .ire  w-fi.  ht-move  the  wax  from  the 
oval  j»ime  former,  Insert  a  prefab¬ 
ricated  sprue  (Ready  Sprue  shown), 
and  attach  the  wax  patterns  to  the 
reservoir  bar.  Be  sure  to  seal  the 
base  of  the  prefabricated  sprue  to 
tne  oval  sprue  former. 


Figure  U-ii.  If  the  wax  patterns 
have  been  weighed  an  1  the  arm.  .at 
of  metal  properly  estimate.:,  a_ 
button  should  be  cast.  Allow  the 
casting  ring  to  bench  coo  I  before 
di vesting. 
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Figure  4-25.  Although  a  button  has  Figure  4-26.  This  non-precious  casting 

not  been  totally  eliminated,  the  (Biobond  II  )  was  made  by  weighing 

casting  porosity  has  been  restricted  the  wax  patterns  and  alloy.  Note  the 
to  the  underside  of  the  reservoir  bar  dense  casting  and  sharp  margins. 
away  from  the  cast  restorations. 


Figure  4-27. 
casting  fis  in 
the  underside 
from  the  cast 
no  button  was 


The  porosity  in  this  same 
Fig.  4-26)  was  limited  to 
of  the  reservoir  bar,  awa; 
restorations.  Note  that 
cast . 


Dentsply  International,  Inc.,  York,  PA, 
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f.  THE  6th  LAW  OF  CASTING 

Turbulence  must  be  minimized,  if  not  totally  eliminated. 9  The  pathways 
for  the  flow  of  molten  metal  during  the  cast  must  be  smooth,  gradual,  and 
without  impediments.  It  is  important  to  eliminate  sharp  turns,  restrictions, 
points,  or  impingement  on  flat  surfaces.  Some  disagreement  exists  on  the 
use  of  constricted  spruing,  as  previously  discussed. 1*2 , 4  However,  turbulence 
can  occlude  air  in  the  casting.  Any  restrictions,  or  constrictions,  can 
accelerate  the  metal's  rate  of  flow  and  lead  to  abrasion  of  the  mold  surface, 
MOLD  WASH. 9 

The  PENALTIES  for  not  obeying  this  law  are:  VOIDS  in  the  casting  and/or 
SURFACE  PITTING.  The  VOIDS  are  created  by  the  occlusion  of  air  produced  by 
the  turbulent  flow  of  the  molten  metal.  When  MOLD  WASH  occurs,  investment 
particles  are  removed  from  the  mold  surface  and  carried  ahead  of  the  molten 
alloy.  The  presence  of  SURFACE  PITS  and  incomplete  margins  can  be  attributed 
to  these  entrapped  investment  particles. 
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THE  7th  LAW  OF  CASTING 


£ 


Select  a  casting  ring  of  sufficient  diameter  and  length  to  accomodate  the 
patterns  to  be  invested  (Fig.  4-28).  The  casting  ring  should  be  large  enough 
to  enable  the  patterns  to  be  spaced  1/4  in.  apart  with  at  least  3/8  in.  of 
investment  between  the  patterns  and  the  ring  liner.  The  patterns  need  this 
amount  of  investment  to  prevent  investment  breakage  and  ensure  equal  and  ad¬ 
equate  expansion.  The  ring  should  also  be  long  enough  to  permit  1/4  in.  of 
casting  investment  to  cover  the  wax  patterns.  If  too  little  investment  covers 
the  wax  patterns,  the  molten  alloy  is  likely  to  break  through  the  mold.  When 
too  much  investment  covers  the  wax-ups,  the  restorations  may  become  located 
in  the  HEAT  CENTER  of  the  mold  and  SHRINKAGE  POROSITY  may  occur  (Fig.  4-29). 
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The  PENALTIES  for  not  obeying  this  law  are: 
and  SHRINKAGE  POROSITY. 


MOLD  FRACTURE,  CAoTiNG  FINS, 


Figure  4-28.  The  wax  patterns  are 
far  enough  apart  and  placed  well 
away  from  the  walls  of  the  ring  to 
ensure  sufficient  investment  cover¬ 
age. 


Figure  4-2 y.  When  too  much  investment 
covers  the  patterns,  t here  is  a  greaUn 
liKel  Lhood  tile  restorations  may  lie 
too  close  to  the  ring’s  HEA l  CENTER. 
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INVESTING  AND  BURNOUT 


h.  THE  8th  LAW  OF  CASTING 

The  surfnce  t-n.’i  r:  of  the  wax  patterns:  must  be  reduce i .  A  wetting 
agent  should  be  brushed  or  sprayed  on  the  patterns,  and  permitted  to  dry 
thoroughly.  Reduction  of  the  wax  surface  tension  will  enable  the  casting 
investment  to  w>  t  the  patterns  more  completely.  However,  either  too  much 
or  too  little  wetting  agent  is  equally  ietrimentaL. 


The  PENALTY  for  not  obeying  this  law  is  BUBBLES  on  the  surface  of  the 
casting,  as  a  result  of  the  entrapment  of  air  (too  little  wetting  agent)  or 
excess  liquid  (too  much  wetting  agent). 


i.  THE  9th  LAW  OF  CASTING 

Weigh  all  casting  investment  powder  and  measure  all  investment  liquids 
for  a  precise  liquid-powder  ratio.  The  ratio  of  the  powder  to  liquid  and 
any  dilution  of  the  (special)  liquid  with  distilled  water  should  he  determined 
and  recorded  for  each  alloy  and  Investment  pairing.  Not  ail  alloy-investment 
pairings  offer  the  same  level  of  castabi  1  ity .f)»  f 

The  PENALTY  for  not  obeying  this  law  is  ILL-FITTING  CASTINGS.  Generally, 
a  thick  mix  of  investment  (too  Little  liquid)  results  in  added  expansion  and 
Loose  fitting  castings.  Too  much  Liquid  (special  liquid  and  distilled  water, 
if  any)  produces  a  thinner  mix  which  yields  less  expansion  anil  tighter  fitting 
castings.  In  addition,  a  mix  of  100%  special  liquid  results  in  more  expansion 
and  more  wonting  time  than  a  ■: '/ 50  dilution  of  special  Liquid  and  distilled 
water. 


j.  THE  10th  LAW  OF  CASTING 

Ellmirvt'e  trie  incorporation  of  air  in  the  casting  investment  during  mixing 
and  pouring.  Vacuum  mixing  is  preferrel  to  hand  spatul.ation  to  minimize  the 
amount  of  air  in  the  investment.  Vacuum  investing,  or  careful  pouring  of  the 
ring,  will  help  reduce  air  entrapment  in  the  body  of  the  Investment. 


J 


The  PENALTY  for  not.  obeying  this  law  is 
casting.  The  areas  of  (he  moil  which  avitai; 
will  expand  differently  than  areas  will  -h  coni 


:  Wi./.K  M  hl  or  Pb.'LuhlTGN  of  the 
.  :er. bubble-free  investment 
a  if.  ar  voids  lue  t  entrapped 


.•yX:-;-;.;- 

•  *  “  %  *  "I 

» q«. 1 
•*.  •*. 

\  *  ■  *•  » 
^  '  A.3 


*.  A  -.1 

j$gSd 

V-1 

.  • .  ■ .  < 

* ...  A 


*.  ■*.  *  *  i 

m  4 

‘  «  ’  •  •  <J 


V.-'. 


>»‘v 


LtVTklUl'1 


a 


— SECTION  4- 


k.  THE  llth  ^  0F  CASTING 

Allow  the  casting  investment  to  set  completely  before  beginning  the 
burnout  procedure.  If  setting  is  not  complete  when  the  ring  is  placed  in  the 
oven,  the  mold  will  be  weak  and  unable  to  withstand  steam  expansion  during 
burnout.  As  a  result,  the  investment  may  fracture  or,  perhaps,  blow  apart  in 
the  furnace.  After  final  set  has  been  achieved,  45-0O  min,  the  investment 
will  begin  to  dry  unless  placed  in  a  humidifier.  A  mold  that  has  been  permit¬ 
ted  to  dry  out,  and  has  not  been  rewetted,  may  crack  during  the  burnout  or 
cast.  Therefore,  best  results  may  be  obtained  when  invested  patterns  are 
burned  out  immediately  after  the  recommended  setting  time,  as  opposed  to 
delayed  burnout  (next  day). 

The  PENALTIES  for  not  obeying  this  law  are:  MOLD  CRACKING  and/or  BLOWOUT 
FINS  on  the  casting. 

l.  THE  12th  LAW  OF  CASTING 

Use  a  burnout  technique  that  is  specific  for  the  type  of  patterns  used 
(wax  vs.  plastic)  and  suitable  for  the  particular  casting  alloy  selected. 

The  rate  of  rise  for  the  mold  should  be  adjusted  differently  for  wax  patterns 
vs.  plastic  patterns.  Plastic  sprues  need  to  be  heated  slowly  so  they  soften 
and  do  not  exert  pressure  on  the  mold.  Therefore,  a  two-stage  burnout  is 
recommended.  In  addition,  the  rate  of  rise  should  be  slow  enough  to  permit 
the  heat  to  move  through  the  investment  for  uniform  expansion  to  occur.  The 
heat-soaking  temperature  is  the  high  temperature  setting  recommended  by  the 
alloy  manufacturer  to  ensure  adequate  expansion  and  a  complete  cast. 

The  PENALTIES  for  not  obeying  this  law  are:  COLD  SHUTS,  SHORT  MARGINS., 
COLD  WELDS,  MOLD  CRACKS  and/or  CASTING  FINS.  If  burnout  is  incomplete,  the 
channels  of  the  spruing  system  within  the  investment  may  be  blocked  by  wax  or 
plastic  residual  carbon.  As  a  result,  air  in  the  mold  cavity  can  not  escape 
when  the  liquid  alloy  enters  the  ring,  resulting  in  cold  shuts,  short  margins, 
or  cold  welds. 

MELTING  AND  CASTING 
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m.  THE  13th  LAW  OF  CASTING 

Adequate  heat  must  be  available  to  properly  melt  and  cast  the  alloy 
selected  for  use.  The  heat  source  used  must  be  capable  of  melting  the  alloy 
and  providing  the  proper  temperature  to  achieve  sufficient  fluidity  for 
complete  mold  filling.  Inadequately  heated  alloy  does  not  attain  maximum 
fluidity  and  is,  therefore,  unable  to  fill  the  mold  completely  or  to  compensate 
for  heat  loss.  Too  much  heat,  or  too  high  a  temperature,  can  bum  off  minor 
alloying  elements  through  vaporization  and/or  oxidation  (burned  metal) . 

The  PENALTIES  for  not  obeying  this  law  are:  COLD  SHUTS,  SHORT  MARGINS, 
and  COLD  WELDS  (too  little  heat),  or  ROUGH  CASTINGS  and  INVESTMENT  BREAKDOWN 
( too  much  heat ) . 
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n.  THE  14th  LAW  OF  CASTING 

Use  the  REDUCING  ZONE  of  the  casting  torch  to  melt  the  alloy  and  not  the 
oxidizing  zone  when  torch  casting.  Carbon  or  oxygen  can  be  inadvertently 
added  to  the  alloy  during  the  heating  of  the  molten  metal.  The  oxidizing 
portion  of  the  flame  can  introduce  oxygen  into  the  melt,  and  adversely  affect 
the  alloy's  properties.  A  melt  achieved  by  the  exclusive  use  of  the  REDUCING 
ZONE  minimizes  the  likelihood  of  metal  oxidation  and  carbon  absorption,  and 
ensures  a  proper  melt.  Non-carbon  e rue idles  are  generally  recommended  for 
palladium-,  nickel-,  and  cobalt-base  aLloys. 

The  PENALTIES  for  not  obeying  this  law  are:  GAS  POROSITY  and/or  a 
change  in  the  alloy's  COEFFICIENT  OF  THERMAL  EXPANSION. 

o.  THE  15th  LAW  OF  CASTING 

Enough  force  must  be  provided  to  cause  the  liquid  alloy  to  flow  into 
the  heated  mold,  regardless  of  the  type  of  casting  machine  used.  The  nature 
of  the  force  employed  will  vary  with  the  type  of  casting  unit:  a  broken-arm 
casting  machine  uses  INERTIA;  a  straight-arm  machines  relies  on  CENTRIFUGAL 
FORCE;  and  the  pressure  or  vacuum/ pressure  casting  machine  employs  PRESSURE 
tc  fill  the  mold.  The  cross-sectional  strength  of  the  casting  investment  is 
reduced  in  those  areas  taken  up  by  the  patterns.  Therefore,  the  force  of 
entry  of  the  molten  alloy  must  be  balanced  with  the  cross-sectional  strength 
of  the  investment.  Too  much  force  is  just  as  harmful,  as  not  enough. 

The  PENALTIES  for  not  obeying  this  law  are:  COLD  SHUTS,  SHORT  MARGINS, 
COLD  WELDS  (insufficient  force!,  or  MOLD  FRACTURE  and  FINS  (too  much  force). 

p.  THE  16th  LAW  OF  CASTING 

Cast  TO  your  margins.  Place  the  casting  ring  in  the  casting  cradle  with 
the  pattern  margins  facing  1  he  trailing  edge .  In  a  centrifugal  casting  machine 
the  metal  will  flow  DOWNWARD  and  To  THE  RIGHT,  with  early  solidification  at  the 
trailing  edge.'*-®  Position  the  casting  ring  to  take  ;«1  vintage  of  this  behavior. 

The  PENALTIES  for  not  obeying  tnis  law  are:  COLD  SHUT,  SHjRT  MARGINS, 
and  otherwise  INCOMPLETE  CASlINGS. 


q.  THE  17  th  my  op  CASTING 

Do  NOT  quench  the  ring,  imm*  : i at  1  .>  after  canting.  Allow  the  ring  to 
bench  cool  before  quenching.  Ti>>  :n>  t  a  I  will  cool  much  faster  than  the  casting 
investment.  However,  the  casting  ring  .  not.:  i  not  ><e  disturbed  (divested/ 
quenched)  until  both  the  metal  an.:  : ne  investment  have  cooled  completely.  The 
uneven  cooling  and  shrinkage  bet  ween  rrn  a 'by  cm  the  Investment  can  result 
in  tensile  forces  being  applied  to  the  r«  r  to  rat  tot.  by  the  investment.  With 
premature  quenching,  the  metal  is  still  t  o  not  to  possess  sufficient  strength 
to  resist  these  forces;  and  the  res  torn  t  Lor.  can  tear. 
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SECTION  5: 


THE  PORCELAIN-TO-METAL  BOND 


5-1.  INTRODUCTION 

No  discussion  of  the  PFM  restoration  would  be  complete  without  mention 
of  the  current  theories  to  explain  the  mechanism,  or  mechanisms,  by  which 
dental  porcelain  "bonds"  or  "attaches"  to  a  metal  substructure.  Use  of 
the  word:  "bond,"  might  imply  that  the  relationship  between  the  dental 
porcelain  and  the  metal  substructure  is  a  purely  chemical  one.-*-  However, 
non-chemical  mechanisms  are  also  thought  to  participate  in  the  bonding 
process.  As  a  result,  it  may  be  equally  correct  to  refer  to  the  union  of 
dental  porcelain  and  metal  as  attachment  mechanisms.2>3  whether  this  bond 
is  a  chemical  or  a  mechanical  attachment  is,  perhaps,  of  lesser  significance. 
What  is  important  is  a  basic  understanding  of  the  processes  involved  in 
attaining  an  optimum  attachment. 


5-2.  THEORIES  FOR  THE  PORCELAIN-METAL  BOND 

At  least  four  recognized  modes  of  bonding  dental  porcelain  to  metal  are 
recognized:  Van  der  Waals  forces,**  mechanical  entrapment,^-**  direct  chemical 
bonding, 2-1*  and  compression  bonding. 3  However,  not  everyone  accepts  all  four 
of  the  suggested  mechanisms.  Nonetheless,  the  general  agreements  seems  to  be 
that  the  chemical  type  is  the  predominant  and  the  most  important  of  the  four 
proposed  bonding  mechanisms.** 

a.  VAN  DER  WAALS  BONDING 

Van  der  Waals  forces  are  derived  from  the  attraction  between  polarized 
atoms  which  are  in  intimate  contact,  yet  which  do  not  actually  exchange 
electrons.  These  forces  are  generally  weak,  since  nearly  all  the  positive 
and  negative  charges  present  in  the  atoms  are  satisfied  in  a  single  molecule. 
Therefore,  only  minimal  attraction  exists  between  the  electrons  and  nuclei 
of  atoms  in  one  molecule,  and  the  nuclei  and  electron  of  atoms  in  another 
molecule . 5 


Some  measure  of  true 
extent  to  which  the  metal 
In  other  words,  the  bette 
the  greater  the  Van  der  W 
metal  reportedly  can  be  d 
the  porcelain-bearing  sur 
actually  inhibit  the  wett 
bond  strength.1*  Converse 
with  uncontaminated  alumi 
50-pm  aluminum  oxide  abra 
and  enhance  adhesion  by  V 
forces  are  undoubtedly  mi 


adhesion  is  believed  to  exist,  as  related  to  the 
substructure  is  wetted  by  the  softened  porcelain.** 
r  the  wetting  of  the  metal  by  the  dental  porcelain, 
aals  forces.  This  adhesion  of  the  porcelain  to  the 
iminish-  d  or  enhanced  by  altering  the  character  of 
face.**  A  rough,  contaminated  metal  surface  will 
ing  process  and,  therefore,  reduce  the  Van  der  Waals 
ly,  a  slightly  textured  surface,  created  by  finishing 
num  oxide  abrasives,  and  followed  by  blasting  with  a 
nive,  wiLl  promote  wetting  by  the  liquid  porcelain 
an  der  Waals  forces.**  Nonetheless,  the  Van  der  Waals 
nor  contributors  to  the  attachment  Drocess. 
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b.  MECHANICAL  EHTRAPMEHT 

The  surface  of  a  metal  casting,  even  after  finishing  and  air-abrading 
with  aluminum  oxide,  contains  manv  microscopic  irregularities  into  which 
liquid  opaque  porcelain  may  flow.1*  In  fact,  the  air-abrasion  process  is 
believed  to  enhance  mechanical  retention  by  eliminating  very  rough  areas 
(stress  concentrations),  and  actually  increasing  the  overall  surface  area 

for  bonding. 2»3 

Lacy  described  the  mechanism  for  mechanical  bonding  to  be  much  like  the 
manner  in  which  unfilled  composite  resin  is  retained  by  etched  enamel.1*  The 
enamel  surface  is  eroded  by  the  acid  treatment  creating  micropores.  The 
unfilled  resin  flows  into  these  irregularities  and  is  mechanically  locked  in 
place  when  set. 


The  contribution  by  mechanical  bonding  to  the  overall  attachment  process 
may  be  relatively  small,  since  dental  porcelain  will  attach  to  a  well  polished 
metal  surface.1*  Mechanical  bonding  alone  is  insufficient  to  explain  the 
attachment  process. 


C.  CHEMICAL  BOHDIHG 

The  single,  most  important  method  of  porcelain-metal  attachment  is 
believed  to  be  a  chemical  bond  between  oxygen  in  the  porcelain  and  oxidizable 
metals  from  the  oxide  layer  on  the  metal  surface.1*  Only  a  monomolecular 
(single  molecule)  layer  of  metallic  oxides  is  needed  for  bonding  to  occur. 

In  fact,  too  much  oxidation  could  lead  to  an  attachment  failure  through  the 
oxide  layer  itself. 

McLean  contends  that  two  mechanisms  might  exist  to  explain  the  chemical 
or, as  he  terms  it,  "the  molecular  bonding  process. "3  The  first  theory  suggests 
that  the  oxide  layer  remains  permanently  bonded  to  the  metal  substructure  on 
one  side  and  the  dental  porcelain  on  the  other. 3  Thus,  the  oxide  layer  is 
sandwiched  between  the  metal  and  the  porcelain.  The  second  theory  contends 
that  the  oxide  layer  does  not  remain  intact  but  dissolves,  or  is  only  partially 
dissolved  by,  the  dental  porcelain. 3  As  a  result,  the  porcelain  is  brought 
into  atomic  contact  with  the  metal  surface  for  enhanced  wetting  and  direct 
chemical  bonding. 3  if  too  little  oxide  Is  present  and  subsequently  dissolved 
by  the  porcelain,  then  no  chemical  bond  Is  left. 

The  consequences  can  also  be  detrimental  should  too  much  oxidation  of 
the  metal  substructure  occur,  as  with  certain  alloy  systems.  If  the  porcelain- 
metal  attachment  does  not  fail  through  the  oxide  layer  itself,  excessive  oxide 
absorption  can  lead  to  changes  (lowering)  in  the  porcelain's  coefficient  of 
thermal  expansion,  or  to  alterations  in  the  porcelain  shade  (graying/bluing).1* 
It  is  not  uncommon  to  observe  bond  failures  with  the  heavily  oxidizing  non¬ 
precious  alloys.  In  some  instances,  the  failure  is  not  due  to  a  loss  of  any 
bond  between  the  dental  porcelain  and  the  oxide  layer.  In  fact,  the  porcelain 
might  remain  firmly  bonded  to  the  oxides  and  be  clearly  visible  (Figs.  5-1  & 
5-2).  The  separation  of  the  porcelain  veneer  from  the  metal  substrate  is  more 
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of  a  loss  of  attachment  of  the  porcelain  due  to  excessive  oxidation.  The 
porcelain  and  the  oxide  film  retain  their  bond,  yet  become  detached  or 
delaminated. 


Consequently,  the  terms  "bond"  and  "attachment"  can  both  be  applied  to 
describe  the  porcelain-oxide  and  the  oxide-metal  relationships.  Each  should 
be  considered  when  assessing  the  nature  of  a  particular  failure. 


Figure  5~1.  The  bond  between  this  Figure  5-2.  A  layer  of  oxides  from 

nickel-chromium-beryllium  alloy  the  alloy  remains  bonded  to  the 

(Rexillium  III  )  and  Vita  porce-  dental  porcelain.  This  is  a  good 

lain  failed  18  months  after  example  of  a  porceiain-metal  bond 

insertion.  Rx.  Jeneric  has  an  failure,  through  the  oxide  layer 

alloy,  Rexillium  V,  recommended  itself,  resulting  in  a  delamination 

for  Vita  porcelain.  of  the  porcelain. 


d.  COMPRESS I OH  BOHDIBG 

Dental  porcelain  is  known  to  be  stronger  under  compression  and  weaker 
under  tension.  Therefore,  if  the  coefficient  of  thermal  expansion  of  the 
metal  substrate  is  greater  than  that  of  the  porcelain  placed  over  it,  the 
porcelain  should  be  placed  under  compression  on  cooling.2* 3  The  theory  of 
compression  bonding  assumes  that  the  restoration  is  a  full  porcelain  veneer 
crown  or  retainer  and  NOT  a  partial  veneer  (i.e.,  facial  surface  of  porcelain 
and  metal  occlusal/ lingual)  or  pontic  (Figs.  5-3  &  5~M .  In  the  case  of  a 
pontic  with  full  porcelain  coverage,  the  metal  substructure  will  cool  more 
slowly  than  the  porcelain  covering  it. 

When  cooling  a  restoration  with  a  full  porcelain  veneer,  the  metal 
attempts  to  contract  faster  than  the  porcelain — but  is  resisted  by  the  lower 
coefficient  of  thermal  expansion  of  the  porcelain. 2  This  behavior  creates 
tensile  forces  on  the  metal  and  corresponding  compressive  forces  on  the 
porcelain2  (Fig.  5-3). 


Rx  Jeneric  Gold  Company,  Wallingford,  CT. 
Vident,  Baldwin  Park,  CA. 
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Compression  bonding  is  more  likely  to  influence  porceiain-to-metal 
attachment  in  restorations  with  full  porcelain  coverage  (porcelain  occlusals/ 
linguals),  and  less  apt  to  affect  the  attachment  process  in  a  partially 
veneered  restoration  (Figs.  d~3  5-if).  If  anything,  the  likelihood  of 

stress  development  may  be  greater  in  some  partial  veneer  restorations. 3 
The  partial  porcelain  veneer  restoration,  nonetheless,  is  a  recommended 
substructure  design. 


Figure  j-;i.  A  r<  ■■•to  rat  w< :  n  a  Figure  p-U.  Stresses  (S)  are  more 

full  porcelain  ta  in  "’.ore  apt  to  develop  at  the  porcelain-metal 

likely  to  maintain  ‘no  :er.t.t’.  junction  when  a  partial  porcelain 

porcelain  and-  r  c  r,v  veneer  is  used.  (Compression  =  C;  and 

and  the  meta.  .t  o  r  t-r.st  c-  •  7 ) .  tension  =  T) 


5-3.  PREPARATION  OF  THK  MKTAb  iiUKJTRUCTURE 

Despite  v.  :  m  o.  i  o  !  :-j  v  ten  to  the  preparation  of  a  smooth, 

well  desigr.e  .  v-.<  ;  e.tern,  •  hr  resultant  .'acting  is  not  immediately  ready 
for  ter  ■*. ; ...  • *-•-.•  •.  .  . al  :r.i  ■'••..he  ing  of  the  pattern  sprue  attach¬ 
ment  are-;,  •  re  .•■'-.•■  -  in.  •  •  r  :‘n  ■•  •  f  the  metal  substrate  must  be 

subsepc or.  i  .  y  r": 

Minor  -  •••  •  i  .ies  ,  : .  t--rme  :  "stress  raisers , "  may  exist  in 

the  form  f  r.r.  .  •  •■■•.'ho-.  ,  s,  m  :  small  nodes.  0  Each  restoration 

must  r  nr..  ■•:  :  i  •..  .  >•.....  ••'■-.  Ine  finishing  process 

she  i.  :  "  i  ;  r*-:t  .-e  '  •  irregui  .rities.  At  the  same  time, 

the  fir. irh:  ■•  :  .:■•-  :.•••  :  'he  wettability  of  the  metal  surface 

and  "em  .  tru  '•  •  i:.r  :  or  other  surface  contaminants.0 
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Non-contaminating  aluminum  oxide  stones  are  some  of  the  most  widely  used 
abrasives,  in  addition  to  diamond  stones  and  carbide  burs.  The  abrasives  should 
not  be  used  interchangeably  for  different  types  of  alloys,  to  avoid  potential 
contamination  of  the  metal  surface.  The  finishing  procedure  itself  is  best 
accomplished  in  one  direction  to  avoid  surface  air  entrapment  and  subsequent 
bubbling  of  the  opaque. °  The  metal  surface  is  then  air-abraded  with  50-/un 
aluminum  oxide  to  create  a  satin  finish,  and  either  steam  cleaned,  or  placed 
in  an  ultrasonic  unit  for  5~10  minutes.  From  this  point  on,  the  porcelain¬ 
bearing  areas  of  the  restoration  should  be  handled  with  an  instrument  to  avoid 
contact  with  the  fingers  and, thus,  possible  contamination. 


5-4.  THE  OXIDATION  (DEGASSING)  PROCESS 

The  vast  majority  of  PFM  alloys  are  heat  treated  in  a  porcelain  furnace 
to  a  recommended  high  temperature,  in  either  air  or  a  vacuum,  and  are  often 
held  at  temperature  for  a  specified  period  of  time.  The  procedure  has  been 
described  both  as  a  degassing  and  as  an  oxidizing  step. 

Degassing  reportedly  cleanses  the  metal  surface  of  contaminants  and 
removes  surface  entrapped  gases  such  as  hydrogen;  hence  the  term  degas . 3 
Such  high  temperature  processing  is  performed  to  remove  volatile  surface 
contaminants  which  can  not  otherwise  be  eliminated  by  steam  cleaning  or 
air-abrading . 3  Concurrent  with  the  decontamination  of  the  metal  is  the 
formation  of  an  oxide  layer  on  the  metal  surface.  These  surface  oxides  are 
responsible  for  the  porcelain-metal  bond. 

The  term  "oxidation"  (oxidizing)  appears  to  be  competing  with  the  older 
designation  of  degassing  in  the  dental  literature,  as  well  as  in  many  of  the 
manufacturers'  written  technical  instructions.  The  oxidation  process  is  the 
same  as  the  degassing  procedure:  the  heat  treatment  of  the  metal  in  a 
porcelain  furnace.  The  major  distinction  may  be  the  significance  of  the 
procedure  itself.  One  oxidizes  a  casting  to  enable  the  oxidizable  elements 
in  the  alloy  to  form  an  oxide  layer  for  porcelain-metal  attachment  (bonding). 

The  type  of  atmosphere  and  the  time  at  temperature  will  vary  for  the 
particular  alloy  system  used.  For  example,  a  high-gold  content  alloy  must 
contain  oxidizable  trace  elements  in  order  for  oxidation  to  occur.  Gold, 
and  the  other  noble  metals,  do  not  readily  form  oxides;  and  it  is  often 
necessary  to  hold  these  castings  at  temperature  for  several  minutes.  The 
non-preclous  alloys  will  readily  oxidize,  and  trace  elements  are  added  to 
enhance  a  particular  type  of  oxide  for  a  stable  bond.  Consequently,  the 
oxidation  process  is  often  carried  out  in  a  vacuum  to  minimize  the  amount 
of  oxidation;  and  the  hold  time  may  be  omitted.  In  fact,  allowing  some 
non-precious  metals  to  oxidize  in  air,  or  to  remain  at  temperature,  could 
lead  to  overoxidation  and  possible  porcelain-metal  attachment  (bond)  failure. 
Since  the  oxidizing  technique  is  alloy  specific,  follow  the  manufacturer’s 
recommendations . 

The  oxide  film  that  is  produced  should  be  an  adherent  and  stable  one,  if 
bonding  is  to  be  maximized.  Therefore,  follow  the  manufacturer's  oxidation 
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(degassing)  instructions  for  each  specific  alloy.  The  appearance  of  a  properly 
oxidized  casting  may  have  a  distinctive  color  and  character  (texture,  thickness, 
etc.)  (Figs. 5~5  and  5-6).  Variations  outside  these  particular  results  should 
be  reassessed  and,  perhaps,  discussed  with  the  manufacturer. 


Figure  5~5.  The  go  Id -palladium  alloy 
on  the  left  (Olympia  )  produces  a 
light  gray  oxide  layer,  while  the  high 
palladium-copper  alloy  on  the  right 
(Naturelle  )  has  a  much  darker  and 
thicker  oxide. 


Figure  5~6.  The  appearance  of  a 
properly  oxidized  Deguplus  2  coping 
is  an  even,  dark  gray  oxide  layer. 
Although  the  color  is  not  discernible 
in  this  black-and-white  photograph, 
the  oxide  layer  appea-s  uniform  in 
texture  as  well  as  in  color. 


Bear  in  mind  that  a  few  alloy  manufacturers  do  not  recommend  an  oxidation 
(degassing)  step.  The  LInitek  Corporation,  which  produces  alloys  such  as  PG-80+ 
and  Forte,  is  one  example.  Others  have  suggested  that  oxidizing  a  casting  is 
actually  a  heat-treatment  procedure  which  can  heat-soften  the  metal  through 
molecular  rearrangement  of  the  alloy.?  The  net  result  can  be  (marginal)  distor¬ 
tion  ana  a  decrease  in  bond  strength.?  It  is  equally  important  that  some  alloys 
in  the  same  alloy  system  may  be  more  prone  to  this  distortion  (thermal  creep) 
fhin  others,  McLean  contends  that  heat-softening,  if  it  does  occur,  is  merely 
a  surface  phenomenon  affecting  the  metal  to  a  depth  of  just  a  few  microns. 3 
He  is  that  the  advantages  of  oxidation  certainly  outweigh  any  purported 
:  1  -a  :  van t  a  '-a; .  -  Nonetheless,  one  should  not  consider  the  oxidation  process  as 
ry  for  -v,-ry  i  FM  al ,oy,  especially  if  the  alloy  manufacturer  goes  not 
:  :  *  .  hell  aw  the  alloy  manufacturer's  instructions,  and  do  not  attempt 
‘  :  .y  processing  information  to  every  alloy  system. 
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5-5.  POST-OXIDATION  TREATMENT  OF  THE  METAL  SUBSTRUCTURE 

As  with  many  of  the  technical  procedures  involved  in  the  processing  of 
alloys  for  the  PFM  restoration,  opinions  differ  in  regard  to  recommended 
post-oxidation  treatment.  Some  alloy  manufacturers  suggest  air-abrading  the 
casting  with  50-jum,  non-recycled  aluminum  oxide  to  remove  most  of  the  oxide 
layer  (Figs.  5“7  &  5-8).  Despite  this  procedure,  a  monomolecular  layer  of 
oxides  reportedly  remains  on  the  porcelain-bearing  surfaces  for  porcelain 
bonding.  Air-abrading  also  minimizes  the  thickness  of  oxides.  Any  blasting 
should  be  followed  by  steam  cleaning,  or  a  5-to  10-minute  cleaning  in  an 
ultrasonic  unit. 


With  some  alloys,  it  is  best  not  to  remove  the  oxide  layer  but  to  proceed 
directly  to  the  application  of  opaque  porcelain.  The  manufacturers  may  regard 
the  initial  oxide  layer  as  the  most  suitable  one  for  porcelain  bonding.  The 


palladium-silver  alloys  containing  tin 
two  such  examples. 


Figure  5~7.  The  darn  gray  oxide  layer 
of  this  high  palladium-copper  alloy 
(Deguplus  2  )  should  be  .--moved  with 
aluminum  oxide  or  glass  beads. 


(without  indium),  which  we  tested,  were 


Figure  5“8.  After  air-abrading  the 
casting  with  pure,  non-recycled, 
50-Jum  aluminum  oxide,  the  metal 
should  have  an  even,  matt  finish. 


5-6.  THE  TWO-STAGE  OPAQUING  PROCESS 

A  successful  porcelain-metal  bond  begins  with  the  proper  firing  of  the 
initial  or-aque  layer.  It  i  <?  important  not  only  for  the  opaque  to  mask  the 
underlying  metallic  odor,  but  also  to  properly  wet  the  metal  surface  to 
promote  maximum  covern-n  an i  a  strong,  uniform  bond. 

As  a  result,  the  : wo-.' ; age  ooaquing  process  has  gained  considerable  favor 
as  one  means  to  achlev-  T.:  end . - >  '  The  technique  is  quite  simple.  First, 
the  porce  •.  in-be  i r  i  :,p  ar-  i.,  if  the  casting  are  lignriy  painted  with  either  the 
ooaquing  ;  Iqui  i  or  ;  inti  lied  water,  and  any  excess  is  removed .  Second,  a  mix  of 


Degussa  Dent  d  In.-.,  W-.-w  York,  NY. 
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I  the  appropriate  opaque  porcelain  shade  is  applied  thinly  (a  skim)  to  the  metal 

|  casting,  and  is  dried,  and  fired  according  to  the  porcelain  manufacturer's 

f  instructions?  (Fig.  5”9).  The  restoration  should  be  permitted  to  cool  cora- 

[  pletely  before  continuing.  Do  not  attempt  to  mask  the  metal  with  this  initial 

■  layer  of  opaque  porcelain.  Finally,  a  second  coat  of  opaque  porcelain  is 

j  applied  to  all  the  porcelain-bearing  areas,  and  is  dried  and  fired. 

The  initial  opaque  layer  reportedly  wets  the  metal  surface  and  establishes 
a  porcelain-metal  bond,  yet  is  thin  enough  to  permit  gases  to  pass  through  it. 
On  the  other  hand,  a  single,  thick  opaque  layer  can  trap  surface  contaminants 
and  gases,  and  promote  bubble  formation  if  these  materials  can  not  move  through 
the  opaque  layer. 


Figure  5“9.  The  initial  layer  of 
opaque  porcelain  should  be  very 
thin  and  fired  to  the  proper 
maximum  temperature  to  establish 
a  good  porcelain-metal  bond. 
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THE  HIGH  PALLADIUM-COPPER  ALLOYS 


6-1.  GEMERAL  DESCRIPTIOH 

The  inflationary  rise  in  the  price  of  gold  has  been  responsible,  in  part, 
for  the  development  of  the  high  palladium  alloys.  The  concern  that  gold  might 
remain  at  such  unprecedented  high  levels  fueled  competition  for  alternative 
alloys  which  were  still  precious  systems.  In  addition,  concerns  over  the 
potential  health  risks  associated  with  nickel  and  beryllium  may  have  prevented 
some  consumers  from  switching  to  non-precious  alloys. 

So  in  the  early  1980's,  we  saw  the  introduction  of  palladium-base  metals 
with  a  palladium  content  far  greater  than  that  of  recognized  systems,  such  as 
palladium-silver.  These  new  alloys  have  been  designated  as  "high"  palladium 
alloys,  because  the  palladium  content  ranges  between  TO  and  80%  of  the  total 
composition.1  The  maximum  palladium  content  in  a  palladium-silver  alloy  may- 
range  from  53  to  60%.  Therefore,  palladium  levels  that  approach,  or  exceed, 

80%  can  reasonably  be  considered  as  high. 

Although  the  fact  is  s eldom  acknowledged,  not  all  the  high  palladium  alloys 
contain  the  same  composition  of  minor  alloying  elements  for  oxide  formation. 

We  have  seen  this  difference  with  the  nickel -base  metals  where  there  are  two 
groups:  those  which  contain  beryllium,  and  those  which  are  beryllium-free. 

A  similar  analogy  exists  with  the  high  palladium  alloys.  One  group  of  high 
palladium  metals  contains  copper  (up  to  15%) »  with  a  palladium  content  ranging 
from  Jh  to  80%. 1  A  second  group  of  high  palladium  alloys  contains  cobalt 
(up  to  8%)  in  place  of  copper. Due  to  the  differences  in  composition  and 
performance,  the  high  palladium  system  has  been  divided  into  the  foregoing  two 
groups.  Therefore,  the  high  palladium- copper  and  high  palladium-cobalt  alloys 
are  discussed  separately  (Tables  2  and  3). 

Within  the  high  palladium  system,  copper  has  several  functions,  for  it: 3 
(l)  lowers  the  alloy's  melting  range;  (2)  helps  to  promote  a  single-phase  alloy 
structure;  (3)  is  a  component  of  the  surface  oxide  involved  in  porcelain 
bonding;  (4)  strengthens  the  alloy;  and  (5)  increases  the  linear  coefficient 
of  thermal  expansion. 

Another  distinguishing  factor  for  some  of  the  high  palladium  alloys, 
especially  the  copper  group,  is  the  addition  of  trace  amounts  of  noble  metals, 
such  as  gold  and  platinum.  In  fact,  many  of  the  early  high  palladium  alloys 
were  actually  high  palladium-copper  alloys  with  2%  gold.  The  marketing  of 
these  metals  highlighted  the  presence  of  2%  gold,  and  thus  a  few  manufacturers 
and  consumers  may  refer  to  them  as  "gold-palladium"  or  "high  palladium-gold."^ 

In  truth,  the  presence  of  1-2%  gold  and/or  platinum  is  not  generally  regarded 
as  significant  enough  to  influence  the  structure  of  the  alloy.  Some  view  such 
additives  (gold/platinum)  as  being  more  helpful,  from  a  marketing  standpoint. 
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since  they  provide  nothing  more  than  "good  luck."  One  manufacturer,  Degussa 
Dental,  Inc.,  contends  that  the  addition  of  1 %  gold  in  combination  with  1% 
platinum  ensures  that  their  alloy,  Deguplus  2,  has  a  true  micro-fine  grain 
structure. 5  That  particular  opinion  is  not  held  widely,  and  may  best  be 
addressed  by  future  research.  In  the  interim,  we  have  witnessed  the  intro¬ 
duction  of  high  palladium-copper  alloys  without  the  2%  gold. 


The  oxide  formed  during  the  oxidation  process  is  rather  distinctive  for 
the  high  palladium-copper  alloys.  Invariably,  a  rather  substantial  black  to 
dark  brown  oxide  is  produced  over  the  entire  metal  surface  (Fig.  6-l).  The 
black  copper  oxide  is  not  as  desirable  for  porcelain  bonding  as  the  more 
adherent  brown  copper-gallium  oxide.  More  importantly,  the  copper-gallium 
oxide  supposedly  adheres  better  to  the  metal  substructure,  thus  resulting  in 
a  stronger  bond.  In  general,  these  alloys  oxidize  so  heavily  that  some 
reports  list  porcelain-metal  bond  failures  as  a  weakness  for  this  particular 
group. ^  Some  bubbling  of  the  opaque  was  observed  with  a  few  of  the  alloys, 
but  no  bond  failures  of  the  kind  reported  for  the  non-precious  alloys  were 
ever  noted  (Fig.  6-2).  If  bubbling  did  occur,  the  metal  was  refinished,  and 
reoxidized;  then  the  opaque  was  reapplied,  rather  than  discard  the  castings 
(Figs.  6-3  &  6-b). 


Figure  6-1.  The  oxide  layer  of  the 
high  palladium-copper  alloys  is 
generally  very  dark  and  quite  thick 
(Deguplus  2,  shown).  The  oxide  color 
may  range  from  brown  to  gray  to  black, 
depending  on  the  alloy  and  the  manner 
in  which  the  casting  was  oxidized. 


Figure  6-2.  Bubbling  of  the  opaque 
porcelain  may  occur  when  the  metal  is 
contaminated  or  improperly  oxidized. 
Surface  contaminants  or  entrapped 
gases  in  this  high  palladium-copper 
alloy  (Athenium  )  could  not  pass 
through  the  thick  opaque  layer. 


Degussa  Dental  Inc.,  New  York,  NY. 

Williams  Gold  Refining  Company,  Buffalo,  NY. 
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Figure  6-3.  The  porcelain  fails  to 
bond,  and  bubbles  in  the  affected 
areas  as  a  result  of  the  expanding 
gases.  Note  the  numerous  areas  of 
exposed  metal  where  no  bond  formed. 


Figure  b-4.  The  opaque  porcelain 
on  the  Athe.uium  substructure  was 
remove j .  The  metal  was  refinished, 
reoxidized,  and  reopaqued  without 
any  further  evi  ience  of  bubbling. 
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A  major  complaint  with  the  oxide  layer  of  high  pal i a-iium-copper  alloys 
is  the  inability  of  the  opaque  porcelain  to  mas*  the  oxides  (Figs.  6-5  &  6-6). 
The  oxidation  was  so  thick  and  dark  that  it  was  not  uncommon  for  the  restora¬ 
tion  to  appear  "gray"  or  "blue."  The  problem  was  particularly  pronounced  with 
anterior  units,  and  less  detectable  in  posterior  units  surrounded  by  amalgam 
restorations  (Figs.  6-7  &  b-6).  Since  the  metal  will  continue  to  oxidize  with 
each  subsequent  firing,  the  graying  may  become  more  apparent  also  with  addi¬ 
tional  firings.  Such  potential  for  discoloration  may  be  inherent  in  the  metal, 
and  not  every  dental  porcelain  opaque  is  able  to  ma«-:  the  oxides  to  the  same 
degree.  Consequently,  some  porcelains  may  have  greater  co . or  fidelity  with 
these  alloys  than  others,  if  their  opaque  is  better  able  to  control  the  oxide 
influence. 
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Figure  0-5 .  Ihp  th ! -Vk  ,  ia^x  oxile 
of  this  high  [)f\  i  :  au  \  um-'*o;  r  alloy 
covers  the  surface  ~>V  truj  ‘u  !  w. 


le  layer 


Figure  6-7.  When  the  opaque  porcelain 
is  unable  to  mask  the  oxides,  then 
"graying"  of  the  body  porcelain  may 
occur. 


Figure  6-8.  The  PFM  crown  on 
the  maxillary  right  first  molar 
(Naturelle  metal  and  Wi  11-Ceram 
porcelain)  did  not  "gray." 


The  oxides  also  interfere  with  metal  polishing,  because  the  oxide  layer 
must  be  removed  in  order  to  polish  the  parent  metal  (Fig.  6-9).  In  some 
instances,  the  final  polish  does  not  possess  the  same  high  sheen  noted  with 
gold-base  alloys.  Areas  which  look  like  oxide  smudges  may  appear,  and 
are  difficult  to  remove  completely,  tven  refinishing  of  the  affected  areas 
is  ineffective.  Such  an  occurrence  may  be  an  indication  of  fine  pinhole 
porosity  (microporosity) ,?  or  possibly  a  two-phase  atomic  structure. 

Another  difficulty  noted  with  the  high  palladium-copper  alloys  is  the 
potential  for  marginal  distortion  (thermal  creep)  after  firing  the  dental 
porcelain.-'-  Again,  this  was  not  a  routine  occurrence  with  the  single  unit 
castings  used  in  this  study,  and  may  be  more  of  a  problem  with  fixed  partial 
dentures. 1 


Figure  6-9.  The  dark  oxides  on  the 
non-porcelain  bearing  areas  must 
be  removed  in  order  to  polish  the 
metal  surface  (Naturelle  ).  In 
some  instances,  the  surface  oxides 
are  difficult  to  remove,  and  the 
quality  of  the  final  polish  is  less 
than  ideal. 


Kx  Jeneric  Gold  Company,  Wallingford,  cl. 
Williams  Gold  Refining  Company,  Buffalo,  NY 
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From  the  limited  experiences  with  soldering  in  this  project,  the  high 
palladium-copper  alloys  were  not  easy  to  pre-sclder.  The  inherent  tendency  of 
these  metals  to  oxidize  readily  and  quite  heavily  prevented  us  from  obtaining 
satisfactory  pre-solder  connectors  (joints)  when  using  natural  gas  and  oxygen 
(Fig.  6-10).  However,  to  say  that  these  alloys  can  not  be  successfully 
soldered  would  be  incorrect.  These  alloys  do  not  lend  themselves  to  pre¬ 
soldering  using  conventional  pre-soldering  techniques.1  Alternative  methods 
may  be  needed  to  retard  oxide  formation,  yet  permit  solder  flow.  New  solders 
would  be  helpful  in  order  to  provide  a  greater  separation  between  the  solder 
and  the  parent  alloys. 

Despite  these  limitations,  the  high  palladium-copper  alloys  are  very 
economical,  melt  readily,  pool  like  gold-base  alloys,  and  are  compatible 
with  a  wide  array  of  dental  porcelains. 


Figure  6-10.  In  the  process  of 
attempting  to  pre-solder  this 
high  palladium-copper  alloy 
(Naturelle*) ,  the  solder  did 
not  flow  and  the  substructure 
was  overheated. 


6-2.  ECONOMIC  CONSIDERATIONS 

In  general,  the  high  palladium  alloys  are  much  more  economical  than 
either  the  high-gold  or  the  gold-palladium  PFM  alloys.  Even  the  addition  of 
2%  gold  has  only  a  slight  influence  on  the  cost  of  these  alternative  metals. 
With  a  prevailing  gold  price  of  $3^8.00/oz,  the  high-gold  and  gold-palladium 
metals  might  cost  approximately  $423.00/oz  and  $296.20/oz,  respectively,  at 
government  prices.  At  the  same  time,  a  high  palladium-copper  alloy  could  be 
purchased  for  between  $110.60  and  $Hi7.5Voz. 

Since  the  high  palladium  alloys  have  a  lower  density  ('10.5  g/cc)  than 
either  the  high-gold  ('17.5  g/cc)  or  the  gold-palladium  ('13.5  g/cc),  produc¬ 
tivity  may  be  increased  because  more  castings  can  be  obtained  per  ounce. 


*  Rx.  Jeneric  Gold  Co.,  Wallingford,  CT 
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6-3.  TARNISH  RESISTANCE 

These  alloys  are  primarily  composed  of  the  noble  metal,  palladium,  which 
enables  them  to  be  highly  tarnish  resistant.  No  restorations  were  observed 
to  have  undergone  intraoral  tarnishing. 


6-4.  ADVANTAGES: 

Are  PRECIOUS  alloys. 

Have  a  high  noble  metal  content. 

Can  be  used  with  carbon  and  non-carbon  phospha te-bound  investments. 

Melt  and  cast  like  gold-base  PFM  alloys. 

Are  less  dense  than  gold-base  alloys  result!'.-'  in  mc>-e  castings  per  ounce 
Are  compatible  with  many  dental  porcelains. 

Are  less  expensive  than  high-gold  and  go  j-j.nl Laiiun  alloys. 

Have  a  high  noble  metal  content  and  do  no!  tarnish. 

Are  available  in  2-dwt  ingots. 

Some  are  available  in  economical  1-dwt  ingot.-. 

The  buttons  are  reusable. 


6-5.  DISADVANTAGES: 

Are  not  A.D.A.  CERTIFIED. 

Are  not  A.D.A.  "ACCEPTABLE"  or  "pRuVl.JivNAi.LY  ACCtP i  ABLE.  " 

A  non-carbon  containing  phosphate-bonded  investment,  is  preferred. 

Should  not  be  cast  in  carbon  crucibles  ( Thermo,  t-ol  2500/ 

As  with  all  palladium-base  alloys,  they  are  prone  to  gaseous  absorption 
(hydrogen,  oxygen,  etc.). 

Most  produce  a  heavy,  dark  oxide  (blacr  to  brow:,  color). 

Porcelain-metal  bond  failures  may  occur  ;ue  to  heavy  oxide. 

The  dark  oxide  may  discolor  some  dental  porcelains  (graying). 

Metal  distortion  (thermal  creep)  may  occur  after  porcelain  firing. 

Gas  entrapment  may  cause  bubbling  of  the  ora  ;ue  c.:  reel  air,. 

Have  a  poor  potential  for  burnishing. 

Do  not  pre-solder  easily. 

Are  sometimes  difficult  to  polish  to  a  high  shine. 


6-6.  BIOCOMPATIBILITY 

'These  alloys  are  composed  primarily  of  th> •  a  TTo  -in':  precious  metal, 
palladium.  They  do  not  contain  nicnel,  beryl  11  -n,  ,r  any  other  elements 
presently  suspected  of  being  potentially  rv-rrrfu .  patients,  technicians, 
or  clinicians.  Therefore,  at  th-  present  ti,n<  t nigh  pal’, adiura-copper 
alloys  appear  to  be  biologically  s.n  f  e  al  t.*-rna  tiv-s  r.  the  go  id-base  systems. 
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b.  Ceramics.  The  Dental  Advisor.  Vol  2(2)  :2,  June  1985- 
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EDITOR'S  NOTE:  The  following  Attachments  provide  comprehensive  information 
on  four  examples  of  the  high  palladium-copper  group;  specifically, 
ATHENIUM,  DEGUPLUS  2,  NATURELLE,  and  PG-80+. 
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ATHENIUM 


I.  GENERAL  INFORMATION 

ALLOY  TYPE:  "PRECIOUS"  ALLOY  SYSTEM:  High  Palladium-Copper 

ALLOY  CONTENT:  jk%  Palladium,  lh.5%  Copper,  5%  Indium,  and  6.5%  Tin,  Gallium, 
and  unspecified  grain  refiners  and  deoxidizers 


MANUFACTURER : 

Williams  Gold  Refining  Co. 
2978  Main  Street 
Buffalo,  New  York  lk2lh 


TELEPHONE  CONTACTS: 

Education  Department 
l-(800)  828-1538 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  828-1003 

l-(800)  U62-7688  (in  New  York  State) 
l-(800)  852-7066  (in  California) 
l-(800)  821+-7925  (west  of  the 

Rocky  Mountains) 

COMMERCIAL  PHONE  NUMBER: 
l-(71o)  837-1000 

REGIONAL  SALES  REPRESENTATIVES: 


Yes 


ALLOY  INTRODUCED  IN:  1982 


F.D.A.  LISTED:  Yes 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  No 


11 .  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Rectangle 

Ingot  weight  -  2  dwt  Ingots  per  ounce  -  10  per  oz 

Ingot  Identification  -  "Williams  Alloy  Packaging-  1-  and  5~oz 

Athenium" 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  11.0  g/ cc 

Brinell  hardness  number  -  Not  determined 

Vickers  hardness  number  -  270  (after  porcelain  application) 

Percentage  elongation  (in  1  in.)  -  25% 

Ultimate  tensile  strength  -  123,^00  psi  (after  porcelain  application) 

Yield  strength  (0.1%  offset)  -  76,100  psi  (after  porcelain  application) 

Bond  strength  -  No  value  available 

Coefficient  of  thermal  expansion  -  lU.12  X  10”6/°C  from  600-20  °C 


MELTING  RANGE  -  2120-2330  °F 
(1161-1277  °C) 


CASTING  TEMPERATURE  -  2^30  °F 

(1331  °C) 
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IV.  WAXING  AND  SPRUING  INSTRUCTIONS— ATHENIUM 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.3  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.5  mm. 


B.  RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  an  INDIRECT  spruing  technique,  with  8-GAUGE 

connector  sprues,  2-3  mm  in  length,  to  each  pattern; 
and  attach  them  to  a  6-GAUGE  runner  bar  (distribution 
channel).  Attach  the  runner  bar  to  the  sprue  former 
with  two  offset  6-GAUGE  lead  sprues  (Fig.  4-1). 

2.  MULTIPLE  SINGLE  UNITS  -  Use  an  INDIRECT  spruing  technique,  with  8-GAUGE 

connector  sprues,  2-3  mm  in  length,  to  each  pattern; 
and  attach  them  to  a  6-GAUGE  runner  bar  (distribution 
channel).  Attach  the  runner  bar  to  the  sprue  former 
with  two  offset  6-GAUGE  lead  sprues  (Fig.  4-2). 

3.  FIXED  PARTIAL  DENTURES  -  Use  an  INDIRECT  spruing  technique,  with  8-GAUGE 

connector  sprues,  2-3  mm  in  length,  to  each  wax  pattern. 
Attach  them  to  a  6-GAUGE  runner  bar  (distribution 
channel)  which  extends  slightly  beyond  the  ends  of  the 
patterns . 

NOTE:  Adjust  the  connector  or  runner  bar  to  conform  to  the  contour  of 
the  fixed  partial  denture;  cut  the  bar;  and  rewax  it  to  eliminate  wax 
memory.  Design  any  INDIRECT  spruing  system  so  the  runner  bar  is  in  the 
heat  center  of  the  casting  ring  (Fig.  4-2). 

4.  VENTING  -  You  may  include  a  blind  vent,  attachel  to  the  thickest  por¬ 

tion  of  each  wax  pattern  to  help  cool  the  restoration 
first.  However,  this  step  is  not  required. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax  and 
ra.  a  the  pattern  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  facilitates  casting  solidification 
and  the  escape  of  gases. 
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V.  INVESTMENT  AND  BURNOUT  TECHNIQUE— ATHENIUM 

RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  A  NON-CARBON-containing  investment  (white 
color)  is  preferred.  Increase  burnout  time  if  a  CARBON-containing  in¬ 
vestment  (black  color)  is  used. 

NON-CARBON  TYPE:  SPECIAL  LIQUID  DISTILLED  WATER 


a.  Vestra  (Unitek) 

10.0 

cc 

5.5 

cc 

b.  Hi-Terap  (Whip-Mix)  - 

U.5 

cc 

fc.5 

cc 

CARBON  TYPE: 

a.  Biovest  (Dentsply)  - 

8.0 

cc 

3.0 

cc 

b.  Complete  (Jelenko)  - 

5.5 

cc 

5.0 

cc 

c.  Deguvest  HFG  (Degussa) 

7.0 

cc 

2.0 

cc 

GYPSUM-BONDED  INVESTMENTS: 

Not  recommended 

for  this  alloy. 

RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH  HEAT 

MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Unspecified. 

We  prefer  to  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix), 
rather  than  ASBESTOS  FREE  LINER  (Degussa),  NOBESTOS  (Jelenko),  or 
KAOLINER  (Dentsply).  Place  the  liner  flush  with  the  top  of  the  casting 
ring,  with  at  least  l/8~in.  clearance  at  the  bottom  of  the  ring.  The 
1/8-in.  clearance  will  lock  the  investment  in  the  ring  when  the  investment 
expands . 


BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  COLD  oven;  raise  temperate ~e 
to  1500  °F  (8l6  °C)  at  the  rate  of  25  °F/min.;  and  HEAT  SOAK  as  follows: 

a.  Single  units  -  1  hr 

b.  Three  units  in  a  single  ring  -  1  hr 


c.  Multiple  units,  2-3  rings 


1  hr  and  20  min  (add  10  min  for  each 
additional  ring). 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— ATHENIUM 


CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  THERMATROL  0500  WITH  CARBON  CRUCIBLE): 

a.  Manufacturer's  recommendation  -  Williams  Inductocust  Machine 

b.  Alternative  systems  include  -  Centrifuge 

2.  CASTING  TORCH  -  Harris  16-S  with  a  el3yO  H  multi-orifice  tip. 

(Williams  recommends  their  MAGIC  WAND  Torch.) 

3.  CASTING  CRUCIBLES  -  Quartz  or  alumina.  Do  NOT  use  clay. 

QUANTITY  UK  ALLOY  NEEDED: 

1.  VOLUME  OK  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  1  )* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50 %  by  weight 

3.  MINIKJM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  33/o7$  by  weight. 


MEETING  AND  CASTING  TECHNIQUE: 

1.  OXYGEN-GAS  RATIO  -  Use  1 o  psi  OXYGEN  and  5  psi  NATURAL  GAS. 

2.  SETTING  CASTING  MACHINE  -  Add  1  extra  turn  for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  The  multiple  light  blue  inner  cones  should  be  set  to 

1/8-  to  1/2-in.  lengths  with  a  maximum  flame  length  of 
8~  to  10-in.  (Fig.  4-12).  Hold  the  torch  tip  2  in.  above 
the  metal.  with  the  flame  perpendicular  to  the  alloy. 
Guide  the  flame  in  a  slight  circular  motion  with  the 
alloy  in  the  RE DU 01 NG  ZONE  of  the  flame. 

A.  APPEARANCE  OF  THE  MELT  -  The  alley  will  melt  readily,  "pool", 

and  then  "clear",  I  ike  gold-based  PFM  alloys. 

5.  CASTING  FLUX  -  Do  NOT  use  casting  f  aix  or  attempt  to  remove  oxides. 

6.  WHEN  TO  CAST  -  When  the  mol  ter.  ailoy  "clears"  and  "spins". 

7.  RECOVERY  OF  CASTING  -  BENCH  Cl.UL;  1  i.,:  Tl.NSH;  DO  NJi  PICKLE. 


INDUCTION  CASTING: 

1.  Set  speed  between  -0 

2.  Set  temperature  t<  . 

3.  CAST  at  temperature. 

*  At  close  of  text.. 
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VII.  ADJUSTING  AND  FINISHING — ATHENIUM 


REMOVING  THE  SPRUE: 


1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 


2.  GRINDINGS  -  This  is  a  precious  alloy,  so  its  grindings  have  scrap 

value.  Vacuum  vour  clothing  and  work.  area. 


FITTING  THE  CAST i NO : 


1.  QUALITY  CONTROL  CHICK  -  Ju-vitisfactory  castings  (poor  fit,  overheated 

alio.y,  porosity)  nnould  be  remade. 


2.  REMOVE  INTERNAL  NODULEs  -  .'ur-fu '  .y  inspect  the  inside  of  each  casting 
under  msg-.i f :  ca*  ion,  and  r-emove  any  irregularities. 


3-  EVALUATE  THE  FIT  -  Verify  an  accentab Ie  level  of  occlusal/ incisal  seat 

ana  marginal  sea:,  before  proceeding  to  any  additional 

finishing  nte::.: . 


A.  INITIAL  OCCoiJSAi.  ADJCoTMHK;'  -  Articulate  the  casting  and  refine 

the  occlusion,  as  necessary. 


FINISHING  THE  CASTING: 


1.  STONES  AND  WHEELS  -  Use  stones,  carbide  burs,  and  burlew  wheels. 


2.  POLISHING  -  use  the  same  compounds  employed  to  polish  gold-base 

PFM  alloys  such  as  Buffing  Bar  Compound  (BBC) 
and  rouge. 


3.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for 

this  particular  ailoy  to  prevent  metal  contamination. 


A.  ADJUSTMENT  TECHN3  yUR  -  Use  u.ncon  tcuninut-d  aluminum  oxide  abrasives  to 

prouuce  a  smooth,  even  textured  surface  for  all 
;*o  r  re  1  ai  n  -  hen  r  i  ng  ureas.  Finish  the  metal  surface 
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— SECTION  6:  ATTACHMENT  1— 


VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN— ATHENIUM 


A.  PREPARATION  OF  THE  METAL  SiJBSTRA'l'fc : 

1.  NON-PORCELAIN  BEARING  SURFACES  -  "Rubber  wheel"  all  non-porcelain  bearing 

areas  ( lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to 
the  application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-jim  non-reeyeled ,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber-wheeling 
and  air-abrading. 

B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1200  °F  (649  °C) 

2.  HIGH  temperature  setting  -  i860  °F  (1010  °C) 

3.  Rate  of  rise  -  100  °F  (65  °C) 

4.  Atmosphere  -  FULL  VACUUM  (26-28  in.  of  Hg) 

5.  HOLD  time  at  HIGH  temperature  -  5  min,  under  VACUUM 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidize.!  layer  -  LIGHT  to  MEDIUM  BROWN  color 
(surface  finish  will  influence  the  appearance  of  the  oxide) 

b.  An  OVERoxi lized  layer  -  DARK  BROWN  to  BLACK  color 

(ait — abrade;  clean;  and  reoxidize  at  a  lower  temperature) 

c.  An  UNDERoxldized  layer  -  NO  READILY  DISCERNIBLE  color. 

(reoxidize  at  a  higher  temperature) 


C.  POST-OXIDATION  TREATMENT : 

1.  REMOVE  THE  OXIDE  LAYER  -  Air — abra  ie  the  casting  with  non-recycled , 

50-^n  aluminum  oxiue. 

2.  CLEAN  THE  CARVING  -  Steam  clean  or  place  in  distilled  water  in  an 

ultraso-i  tc  unit  for  a  min. 
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—SECTION  6:  ATTACHMKHT  1— 


IX.  PORCELAIN  COMPATIBILITY — ATHENIUM 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has 
been  provided  by  the  alloy  manufacturer  (X): 


DENTAL  PORCELAIN 


PORCELAIN  COMPATIBILITY 


YES  NO  MARGINAL 


UNKNOWN 


r.v.vy>, 

.s  *  • 


1.  ARTIS-TECH  (Jeneric)  -  X 

2.  BIOBOND  (Dentsply)  -  X 

3.  CERAMCO  (Johnson  &  Johnson)  -  X 

1*.  CRYSTAR  (Unitek)  -  X 

5.  JELENKO  (Jelenko)  -  X 

Low- 

fi.  (BIOBOND)  SHADEMATE  (Dentsply)  Reg-  X 

T.  VITA  (Vident)  -  X 

8.  WTLL-CERAM  (Williams)  -  X 


B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  None 
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C.  SPECIAL  HANDLING  INSTRUCTIONS :  None 
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— SECTION  6:  AITACBMENT  1 — 


X.  PRE-SOLDERING  INSTRUCTIONS— ATHENTUM 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  Will-Ceram  Super  Solder  (flows  at  about  2075  °F/1135  °C) 

2.  FLUX  -  Williams  High  Fusing  Bondal  Flux 

3.  INVESTMENT  -  Use  Hi-Heat  Soldering  Investment  (Whip-Mix),  or  a  high- 
heat,  non-carbon  casting  investment  with  distilled  water  (no  special 
liquid) . 
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B.  SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  Torch  (Williams)  with  its  #248 

torch  tip  or  the  HARRIS  lb-S  torch  with  a  2N  tip,  for  precise  heating. 

(Use  5  psi  OXYGEN  and  2  psi  NATURAL  GAS.) 

1.  Grind,  with  aluminum  oxides  stones,  surfaces  to  e>e  soldered.  This  proc¬ 
ess  will  remove  any  oxides  or  contaminants  which  might  impede  soldering. 

2.  Create  a  GAP  DISTANCE  of  approximately  0.3  mm. 

3.  Mix  investment  so  it  is  thick;  turn  the  fixed  partial  denture  upside 
down;  fill  the  inside  of  the  castings  with  the  mix;  and  invert  onto 
a  patty  of  investment.  Do  not  let  the  castings  settle  into  the 
investment.  Keep  investment  patty  as  small  as  possible. 

4.  Allow  the  investment  to  reach  final  set,  trim,  smooth  to  remove  sharp 
angles,  and  allow  to  dry  thoroughly. 

5.  Apply  heat  in  excess  of  800  °F  (425  °C)  to  eliminate  the  wax  or 
acrylic  resin  joint  (Duralay);  dry  thoroughly;  remove  from  furnace; 
cool  to  room  temperature.  (Carbon  will  burn  off  at  800  °F  (425  0C), 
and  a  dry  investment  will  draw  less  heat  from  the  parent  metal.) 

6.  Blast  THROUGH,  not  down  into,  the  connector  (Joint)  area  with  uncontam¬ 
inated  50-Jum  aluminum  oxide  to  remove  the  oxides.  (Oxides  will  impede, 
if  not  prevent,  the  solder-parent  metal  union.) 

7.  You  now  want  to  GLAZE  your  solder  rod.  First,  heat  the  rod  to  a  DULL 
ORANGE  color;  dip  the  rod  in  the  flux,  and  you  should  hear  it  sizzle. 

(A  GLAZED  solder  rod  will  act  to  retain  the  flux  on  the  outside  of  the 
connector,  and  prevents  its  incorporation  into  the  soldered  joint.  Only 
a  thin  glaze  is  necessary.) 

9.  WEAR  DARK  GLASSES  IN  ORDER  TO  SEE  AT  THESE  PRE-SOLDER  TEMPERATURES,  AS 
WELL  AS  TO  PROTECT  YOUR  EYES  FROM  INJURY. 

10.  Heat  the  parent  metal  with  the  REDUCING  atmosphere  at  the  end  of  the 

inner  blue  cone(s)  to  prevent  OXIDE  FORMATION,  and  introduce  the  GLAZED 
solder  rod  to  the  connector  area  from  the  occlusal. 
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11.  Solder  should  flow  on  contact,  but  ensure  Joint  is  filled  before 
removing  the  reducing  flame.  BENCH  COOL.  Finish  and  polish. 
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—SECTION  6:  ATTACHMENT  1— 


XI.  POST-SOLDERING  INSTRUCTIONS— ATKENIUM 


A.  RECOMMENDED  MATERIALS:  It  is  presupposed  that  the  porcelain  units  have 
been  glazed  and  polished,  and  the  metal  substructures  have  been  designed 
appropriately  for  the  post-soldering  procedure. 

1.  SOLDER  -  Williams  Low  Fusing  Solder  (flows  at  1350  °F/T32  °C) 

2.  FLUX  -  Williams  Bondal  Flux 

3.  INVESTMENT  -  Use  High-Heat  Soldering  Investment  (Whip-Mix)  or  a 
high-heat,  non-carbon  casting  investment  with  distilled  water  (no 
special  liquid). 


B.  POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  procedure.  It 

is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred  to 

as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Invest  in  the  normal  manner  for  oven  soldering  (protect  all  glazed 
porcelain  surfaces  by  covering  them  with  colorless  wax) . 

2.  Once  the  investment  has  set,  heat  the  invested  work  to  800  °F  (425  °C) 
to  remove  the  wax  or  acrylic  resin  uniting  the  units. 

3.  Air-abrade  the  joints  with  50-}im  aluminum  oxide  to  clean  them.. 

4.  Flux  each  joint  LIGHTLY. 

5.  Dip  the  solder  in  #7  Flux  (Williams),  and  place  It  in  a  Bunsen  burner 
flame  at  the  tip  of  the  Inner  blue  cone.  The  solder  will  immediately 
ball  up.  Remove  the  ball  from  the  flame  and  allow  it  to  cool. 

6.  Cut  the  solder  approximately  lA  in.  frcm  the  ball,  leaving  a  small 
tail.  Place  one  ball  (tail  first)  in  small  joints,  and  two  balls 
in  larger  connector  areas. 

7.  Vacuum-fire  the  case  to  approximately  1400  °F  (760  °C). 

3.  Hold  at  1400  °F  (7b0  °C)  for  2-3  min. 

9.  The  solder  should  flow  readily  and  fill  the  joint  space(s). 

10.  Withdraw  the  soldered  work  to  the  muffle  door  and  cool. 

11.  Remove  the  investment  and  polish  the  joint  areas. 


— SECTION  6:  ATTACHMENT  2 — 


DEGUPLUS  2 


I.  GENERAL  INFORMATION 

ALLOY  TYPE:  "PRECIOUS"  ALLOY  SYSTEM:  High  Palladium-Copper 

ALLOY  CONTENT:  80?  Palladium,  1%  Gold,  1 %  Platinum,  and  18?  Tin,  Gallium, 
and  Copper  (exact  formulation  is  proprietary  information) 

MANUFACTURER : 

Degussa  Dental,  Inc.  TOLL-FREE  PHONE  NUMBER: 

21-25  44th  Avenue  l-(800)  221-0168,  ext.  43  or  46 

Long  Island  City,  New  York  11101 

COMMERCIAL  PHONE  NUMBER: 

1-(212)  392-7272 

TELEPHONE  CONTACTS:  REGIONAL  SALES  REPRESENTATIVES: 

Laboratory  -  Ms.  Susan  Denton,  ext. 43  No;  call  for  assistance 

Research  -  Dr.  Manohar  Lai  Malhotra 

ALLOY  INTRODUCED  IN:  1983  F.D.A.  LISTED:  Yes 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  No 


II.  PHYSICAL  DESCRIPTION 


Ingot  Color  -  Platinum  Ingot  Shape  -  Square 

Ingot  Weight  -  2  Dwt  Ingots  Per  Ounce  -  10  per  oz 

Ingot  Identification  -  "DeguPlus  2"  Alloy  Packaging  -  1  oz  only 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  11.5  g/  cc 

Brinell  hardness  number  -  240  (soft)  and  240  (hard) 

Vickers  hardness  number  -  260  (soft)  and  2o0  (hard) 

Percentage  elongation  (in  1  in.)  -  30?  (soft)  and  30?  (hard,) 

Ultimate  tensile  strength  -  118,900  psi  (soft)  and  118,900  psi  (hard) 
Yield  strength  (0.2  %  offset)  -  83,350  psi  (soft)  and  83,380  psi  (hard) 
Bond  strength  -  Not  available 

Coefficient  of  thermal  expansion  -  14.1  X  10~®  in/in/°C  (+_  0.3) 


MELTING  RANGE  -  2111-2354  °F 
(1155-1155  °C) 


CASTING  TEMPERATURE  -  2550  °F 

(1399  °C) 


— SECTION  6:  ATTACHMENT  2 — 


IV.  WAXING  AND  SPRUING  INSTRUCTIONS— DEGUPLUS  2 

MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.3  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.5  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  the  DIRECT  METHOD,  with  8-  or  6-GAUGE  sprues, 

10-15  mm. in  length,  attached  directly  to  the  thickest 
portion  of  the  wax  pattern  (Fig.  L-l). 

2.  MULTIPLE  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  7  mm  long,  6-  or 

8-GAUGE  sprues,  attached  to  the  wax  patterns.  Join 
these  sprues  to  a  6-GAUGE  (k  mm  diameter)  runner  bar, 
which  extends  just  beyond  the  width  of  the  patterns 
at  each  end.  Use  8-  or  b-GAUGE  sprue  leads  offset 
from  the  runner  bar  to  the  crucible  former  cone. 

3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  METHOD,  with  7  mm  long  6-  or 

8-GAUGE  sprues,  attached  to  the  thickest  portion  of 
each  wax  pattern.  Join  these  sprues  to  a  6-GAUGE 
runner  bar  which  extends  just  beyond  the  width  of  each 
end  pattern.  Use  several  offset  6-  or  Q-  GAUGE  sprue 
leads  from  the  runner  bar  to  the  crucible  former  cone. 

NOTE:  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  b-2). 

A.  VENTING  -  Attach  18-GAUGE  wire  wax  to  the  interproximal  areas 

to  serve  as  chill  vents. 


5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring;  build  up  the  sprue  former  with  wax;  and 
raise  the  pattern  to  within  1/L  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases.  Design  the  spruing  system  so 
any  reservoir  is  in  the  HEAT  CENTER  of  the  casting 
ring  with  the  wax  patterns  in  a  COLD  ZONE  (Fig.  U-2). 
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V.  INVESTMENT  AND  BURHOUT  TECHNIQUE— DEGUPLUS  2 


A.  RECOMMENDED  INVESTMENTS : 

1.  PHOSPHATE-BONDED  INVESTMENTS:  Use  either  a  NON-CARBON  investment 
(white  color),  or  a  CARBON-containing  investment. 


NON-CARBON  TYPE: 

a.  Vestra-fine  (Unitek)  - 

b.  Hi-Temp  (Whip-Mix)  - 


SPECIAL  LIQUID 


10.0  cc 


4.5  cc 


DISTILLED  WATER 


5.5  cc 


4.5  cc 


CARBON  TYPE: 


a.  Deguvest  HFG  (Degussa)  - 

b.  Blovest  (Dentsply)  - 


7.0  cc 
8.0  cc 


2.0  cc 


3.0  cc 


2.  GYPSUM-BONDED  INVESTMENTS:  NOT  suitable  for  this  alloy. 

B.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH- HEAT  rather  than  hygroscopic. 


C.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Degussa  Asbestos  Free 

Ring  Liner.  Use  WET. 

You  may  also  use  one  WET  layer  of  NON-ASBESTOS  LINER  (Whip-Mix). 


D.  BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  cold  oven  and  raise  to  a 
temperature  of  600  °F  (316  °C)  until  all  wax  has  been  eliminated;  then 
raise  to  a  temperature  of  1560  °F  (849  °C)  at  the  rate  of  68  °F/min;  and 
HEAT  SOAK  as  follows: 


a.  Ring  Size  Wane  Elimination  Time 


Heat  Soaking  Time 


lx  Ring 
3x  Ring 
6x  Ring 
9x  Ring 


30  min 
40  min 
50  min 
60  min 


20  min 
30  min 
45  min 
60  min 


b.  Three  units  in  a  single  ring  -  40  min  for  3x  rings 

c.  Multiple  units,  2-3  rings  -  60  min  for  9x  rings 

NOTE:  A  longer  soaking  time,  and/or  burnout  temperature,  may  be  required 
to  ensure  complete  carbon  elimination  when  using  plastic  sprues. 
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--SECTION  6:  ATTACHMENT  2— 

VI.  MELTING  AND  CASTING  INSTRUCTIONS— DEGUPLUS  2 

CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (Do  NOT  use  a  THErtMATHuL-  2  b  00  witn  CARBON  crucibles): 

a.  Manufacturer's  preferred  casting  equ:  s-mt-.nt  -  f'e.utri  fuge. 

b.  Alternative  systems  include  -  Broken-arm  casting  machine,  centrifuge 

2.  CASTING  TORCH  -  Harris  Ib-S  with  a  #13yQH  mu Iti -orifice  tip  or 

Degu.ssa  torch. 

3.  CASTING  CRUCIBLES  -  Use  either  a  quartz  or  alumina  crucible. 

DO  NOT  USE  a  clay  crucible. 

QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  i).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  Tu  RECAST  MET AL  -  %/  by  weight 

3.  MINIMUM  RATIO  OF  NET  METAL.  TO  REUA3 .  META:.  -  oy  weight. 

MELTING  AND  CAStI.-G  TEC.-iH  iQUr.  (  PR(  'PANE  preferrtu,  NATL  .’HAL  1A.  aaequa t-  ) : 

1.  OXYGEN-GAS  RATIO  -  10  psi  OXYGEN  or  'j  pci  PhOPANr  (for  natural 

gas,  open  valve  all  the  v.y; . 

2.  SETTING  CASTING  MACHINE  -  Add  one  turn  t  .  casting  rm chine  to  compen¬ 

sate  for  the  lower  tensity  _f  the  alloy. 

3.  FLAME  ADJUSTMENT  -  Get  inner  blue  cone-  a  a  en-'th  of  1/2  In.  or  Less. 

4.  APPEARANCE  OF  iiiE  Mr  .  -  .  ■■  w;  r  :  i  :  y ,  a:,:  ;  he  ingots  will 

5.  CASTING  FLUX  -  Not  nee:-  ;. 

6.  WHEN  TO  CAST  -  W  n-e.  a  :-i..  .'-a"  ,  ••  >  ...  f  a:  ;  fit'.,. 

7.  RECOVERY  r  CA.  .  .  .  ;  :  ■  r _ ..  ___  ■  -  a  •  . 

8.  do  Not  pickle. 

*At  close  of  text. 
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VII.  ADJUSTING  AND  FINISHING— DEGUPLUS  2 


A.  REMOVING  THE  SPRUE: 


1.  SEPARATING  DISC 


2.  COLLECT  GRINDINGS 


r  1 t  i  .1*:  disc  u!'  you r  choic< 


nave  sor 


■I  hi  VK 


B.  FITTING  THE  CASTING: 


1.  REMOVE  INTERNAL  NODULES 


ct  th--  ! ns l  ie  of  each  casting 


under  me.':;:  remove  ; .  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  ••u:.ie|.f -tbie  of  isal/  incisal  seat 
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k.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articular-  the  casting  and  refine  the 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN— DEGUPLUS  2 


A.  PREPARATION  CF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-pm  non-recycied ,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  settings  -  1200  °F  (6^9  °C) 

2.  HIGH  temperature  setting  -  IToO  °F  (9^0  °C) 

3.  Rate  of  rise  -  Not  specified. 

4.  Atmosphere  -  Air  (NO  VACUUM) 

5.  HOLD  time  at  HIGH  temperature  -  10  min 

6.  Appearance  of  the  oxide  layer: 

a.  A  properly  oxidized  layer  -  DARK  GRAY  color 

b.  An  OVERoxidized  layer  -  UNSPECIFIED 

c.  An  UNDERoxidized  layer  -  LIGHT  GRAY  color 


C.  POST-OXIDATION  TREATMENT: 

1.  REMOVE  THE  OXIDE  LAYER  -  Air-abraae  the  casting  with  non-recyclable 

50-jim  aluminum  oxide,  or  glass  beads,  simply  as  a 
precautionary  step  to  remove  metal  contaminants  from 
dissolved  gases,  investment,  etc.  directly  over 
porcelain  bearing  surfaces. 

-  Steam  clean  or  place  in  distilled  water  in  an  ultrasonic 
unit  for  10  min,  after  air-abrading.  Then  proceed 
with  the  application  of  opaque  porcelain. 


2.  CLEANING 
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IX.  PORCELAIN  COMPATIBILITY— DEGUPLUS  2 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  tes  been 
provided  by  the  alloy  manufacturer  (X) . 


DENTAL  PORCELAIN 


1  ARTIS-TECH  (Jeneric)  - 

2  BIQBQHD  (Dentsply)  - 


PORCELAIN  COMPATIBILITY 
YES  NO  MARGINAL  UNKNOWN 

X 


X 


3.  O'ERAMCO  (Johnson  &  Johnson)  -  X 

4,  CRYSTAR  (Unitek)  - 


5, 

6. 


JELENKO  (Jelenko)  - 


Low  -  X 

(BIOBOND)  SHADEMATE  (Dentsply)  Reg- 


7.  VITA  (Vident)  - 


X 


8.  WILL-CERAM  (Williams)  -  X 


X 


X 


X 


B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES: 
See  Section  A  above.  No  other  information  provided. 


C.  SPECIAL  HANDLING  INSTRUCTIONS:  None 
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X.  PRE-SOLDERING  INSTRUCTIONS— DEGUPLUS  2 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  Degudent  U1  Solder  (2048  °F,  or  1120  °C),  or 

Degudent  N1  Solder  (1940  °F,  or  lOoO  °C) 

2.  FLUX  -  Use  Degussa  Anoxsan  flux. 

3.  INVESTMENT  -  A  soldering  investment  such  as  Deguvest  L  is  the  IDEAL 
material  to  use,  but  a  casting  investment  with  all  distilled  water  may 
be  substituted. 


B.  SOLDERING  TECHNIQUE :  For  precise  heating,  use  the  Magic  Wand  torch 

(Williams)  with  a  #  248  tip,  the  Harris  l6-S  torch  and  a  2N  tip,  or  the 

Degussa  Gas/ Oxygen  torch  with  # 2  tip. 

1.  Propane-oxygen  is  the  preferred  heat  source,  although  natural  gas- 
oxygen  is  an  acceptable  alternative. 

2.  Be  certain  the  surfaces  to  be  soldered  are  large  enough  to  provide 
adequate  strength  to  the  joint. 

3.  Prepare  a  uniform  GAP  DISTANCE  of  no  more  than  0.05-0.1  mm. 

4.  The  surfaces  to  be  soldered  must  have  a  rough  finish  and  be  clean. 

5.  Invest  the  units  to  be  soldered  in  a  soldering  investment. 

6.  Trim  the  investment  patty  to  a  uniform  but  stable  thickness. 

7.  After  boiling  the  sticky  wax  out  of  the  joint(s);  clean  the  joint 
areas(s);  and  apply  Degussa  Anoxan  Flux.  This  procedure  will  prevent 
the  build-up  of  oxides  which  might  interfere  with  the  soldering  process 

8.  Preheat  the  investment  block  in  an  electric  furnace  at  1150  °F  (621  °C) 

9.  Use  5  psi  OXYGEN  with  NATURAL  GAS  or  PROPANE. 

10.  Heat  the  solder  connections  until  they  reach  the  working  temperature 
of  the  solder. 

11.  Once  soldering  is  complete,  alloy  the  investment  block  to  cool  slowly 
to  room  temperature  before  divesting. 

12.  Grind  the  joint(s)  with  uncontaminated  stones;  air-abrade;  and  clean 
in  an  ultrasonic  unit  to  remove  all  traces  of  flux  and  investments. 

13.  Remove  the  cleaned  castings,  and  proceed  with  the  OXIDATION  process. 
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XI.  POST-SOLDERING  INSTRUCTIONS— DEGUPLUS  2 

A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  Regular  White  Solder  (working  temp.  1360  °F,  or  738  °C) 

2.  FLUX  -  Use  Degussa  T-Flux  (DO  NOT  APPLY  FLUX  TO  THE  PORCELAIN) 

3.  INVESTMENT  -  A  soldering  investment  such  as  DEGUVE3T  L  is  the  IDEAL 
material,  but  a  casting  investment  with  distilled  water  may  be  used. 


B.  SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  with  a  view  port  to  monitor 

the  soldering  process. 

1.  Prepare  a  uniform  GAP  DISTANCE  of  no  more  than  0.05-1.0  mm. 

2.  Position  the  units  to  be  joined  on  a  cast  and  '-'in  them  with  sticky 

wax.  Alternatively,  the  units  may  be  united  with  the  resin  directly 
in  the  mouth  with  an  index  for  reassembly,  if  necessary. 

3.  The  surfaces  to  be  soldered  should  be  rough  finished  and  clean. 

4.  Cover  all  the  porcelain  surfaces  with  wax,  to  prevent  direct  contact 
with  the  soldering  investment,  and  possible  porcelain  discoloration. 

5.  Invest  and  trim  the  investment  block  to  a  minimum  but  stable  thickness. 

b.  Boil  out  the  sticky  wax,  and  coat  the  joints  to  be  soldered  with  T-Flux. 
DO  NOT  APPLY  THE  FLUX  TO  THE  PORCELAIN. 

7.  Carefully  melt  the  solder  strip  over  a  Bunsen  burner  until  a  small  ball, 

or  globule,  is  formed.  Cut  the  ball  off  the  strip,  leaving  a  small  tail 

3.  Use  the  tail  to  seat  each  solder  piece  in  the  soldering  investment. 

Apply  T-Flux  to  each  solder  ball. 

9.  Preheat  the  assembly  in  front  of  the  furnace  muffle  for  10-15  min. 

10.  Set  the  furnace  maximum  temperature  to  the  solder  working  temperature. 

11.  Slowly  insert  the  invested  castings  into  the  muffle  to  permit  uniform 
heat  absorption. 

12.  Leave  the  unit  in  the  furnace  for  2-3  min,  depending  on  the  size  of 
the  soldering  work.  If  necessary,  the  temperature  may  be  increased  in 
10  °F  increments  until  the  solder  flows. 

13.  Carefully  remove  the  work  and  inspect  the  solder  joints.  Allow  the 
metal  to  cool  uniformly,  before  divesting  and  repolishing. 
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NATURELLE 


I.  GENERAL  INFORMATION 


ALLOY  TYPE:  "PRECIOUS"  ALLOY  SYSTEM:  High  Palladium-Copper 


ALLOY  CONTENT:  79$  Palladium,  2%  Gold,  10%  Copper,  9%  Gallium,  and 
trace  amounts  of  Aluminum,  Zinc,  and  Ruthenium 


MANUFACTURER : 

Rx.  Jeneric  Gold  Company 
Jeneric  Indus tries, Inc. 

P.0.  Box  72h 

Wallingford,  Connecticut  061*92 


TELEPHONE  CONTACTS: 

Laboratory:  Mr.  Grant  Day 
Mr.  Rick  Tobey 
Research:  Dr.  Arun  Prasad 


TOLL  FREE  PHONE  NUMBER: 
l-(800)  243-3969, Ext  212  or  310 

COMMERCIAL  PHONE  NUMBER: 
l-(203)  265-T39T  (in  Connecticut 
and  outside  U.S.,  call  "Collect") 

REGIONAL  SALES  REPRESENTATIVES: 

None 


ALLOY  INTRODUCED  IN:  1982 


F.D.A.  LISTED:  Yes 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  No 


H.  PHYSICAL  DESCRIPTION 

Ingot  Color  -  Platinum  Ingot  Shape  -  Square 

Ingot  Weight  -  1  dwt  Ingots  Per  Ounce  -  20 

Ingot  Identification  -  YES,"N"  Alloy  Packaging  -  1  oz  only 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  10.6  g/ cc 

Brinell  hardness  number  -  320 

Vickers  hardness  number  -  350 
Percentage  elongation  (in  1  in.)  -  10% 

Ultimate  tensile  strength  -  185,000  psi  (13,010  kg/cm2) 

Yield  strength  (0.2%  offset)  -  160 ,0u0  psi  (11,252  kg/cm2) 

Bond  strength  -  16,000  psi 

Coefficient  of  thermal  expansion  -  -5y6%  g  U50  °C 


MELTING  RANGE  -  21U0-2175  °F 
(1171-1190  °C) 


CASTING  TEMPERATURE  -  2350  °F 

(1286  °C) 
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IV.  WAXING  AND  SPRUIHG  INSTRUCTIONS — NATURELLE 


MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.4  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.4  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.4  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  the  DIRECT  METHOD,  with  8-  or  10-  GAUGE  sprues, 

1/4  in.  to  3/8  in.  (6-7  mm)  long,  attached  to  the 
thickest  part  of  the  wax  pattern.  If  a  RESERVOIR 
sprue  is  used,  the  distance  between  the  wax  pattern 
and  the  reservoir  should  be  approximately  1/16  in. 

(1.5  mm).  (The  manufacturer  also  suggests  narrowing 
down  the  sprue  as  it  approaches  the  pattern.) 

2.  MULTIPLE  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  1/4  in.  (6  mm) 

10-GAUGE  sprues  to  each  pattern,  an  8-GAUGE  runner  bar, 
and  offset  8-GAUGE  leads  connecting  the  sprue  former  to 
the  runner  bar.  Extend  the  length  of  the  runner  bar 
beyond  the  width  of  the  patterns  at  each  end  (Fig.  4-2). 

3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  METHOD,  with  1/4  in.  (6  mm) 

10-GAUGE  sprues  to  each  pattern,  an  8-GAUGE  runner  bar 
and  offset  8-GAUGE  leads  connecting  the  sprue  former  to 
the  runner  bar.  Extend  the  length  of  the  runner  bar 
beyond  the  width  of  the  patterns  at  each  end. 


NOTE:  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  4-2). 

4.  VENTING  -  Is  not  considered  necessary. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring;  build  up  the  sprue  former  with  wax;  and 
raise  the  patterns  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases  during  investment  burnout. 
Arrange  the  spruing  system  so  the  reservoir  portion  is 
in  the  HEAT  CENTER  of  the  casting  ring  with  the  wax 
patterns  in  a  COLD  ZONE  (Fig.  4-2). 
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V.  INVESTMENT  AHD  BURNOUT  TECHNIQUE — HATURELLE 

RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  Start  with  a  dilution  ratio  between 
80-50#  special  liquid  and  20-50#  distilled  water. 


NON-CARBON  TYPE: 

SPECIAL  LIQUID 

DISTILLED  WATER 

a.  Vestra-fine  (Unitek) 

5-5  cc 

10.0  cc 

b.  Hi-Temp  (Whip-Mix) 

4.5  cc 

4.5  cc 

c.  Shur-Temp  (Modern  Materials) 

6.5  cc 

6.0  cc 

CARBON  TYPE:  Not  tested. 

NOTE:  A  carbon-containing  investment  may  be  used  with  this  alloy, 
but  all  carbon  must  be  eliminated  during  burnout. 

2.  GYPSUM-BONDED  INVESTMENTS:  NOT  suitable  for  this  alloy. 


RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT  rather  than  hygroscopic. 

MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  KAOLINER  (Dentsply),  DRY 

You  may  also  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix) 
or  N0BEST0S  (Jelenko).  Place  the  ring  liner  flush  with  the  top  of  the 
casting  ring,  but  leave  at  least  a  1/8-in.  clearance  at  the  bottom  of 
the  ring.  Th  1/8-in.  clearance  will  help  lock  the  investment  in  the 
ring  when  it  expands  (Fig.  4-2).  If  additional  expansion  is  needed,  use 
two  layers  of  asbestos  substitute  and/or  more  special  liquid  and  less 
distilled  water. 


BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  cold  or  room  temperature  oven 
and  raise  to  1500  °F  (8l6  °C)  at  the  rate  of  20  °F/min;  then  HEAT  SOAK 
as  follows: 

a.  Single  ring  -  1-1/2  hr 

b.  Three  units  in  a  single  ring  -  1-1/2  hr 


c.  Multiple  units,  2-3  rings 


1-1/2  hr,  add  10  min  for  each  additional 
casting  ring. 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— NATURELLE 


A.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  A  THERMATROL  2500  WITH  CARBON  CRUCIBLES): 

a.  Manufacturer's  Preferred.  Casting  Equipment  -  Torch  and  centrifuge 

or  Induction  casting 

b.  Alternative  Systems  Include  -  Centrifuge. 

2.  CASTING  TORCH  -  Harris  16-S  with  #1390  H  multi-orifice  tip. 

3.  CASTING  CRUCIBLES  -  Alumina  or  quartz;  DO  NOT  USE  CLAY  OR*  CARBON  TYPE. 


B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50/1  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/501  by  weight. 


C.  MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred,  NATURAL  GAS  adequate): 

1.  OXYGEN-GAS  RATIO  -  20  psi  OXYGEN  to  NATURAL  GAS,  or  3~5  psi  PROPANE. 

2.  SETTING  CASTING  MACHINE  -  Add  one  additional  turn  to  casting  machine 

to  compensate  for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  Adjust  torch  to  produce  inner  blue  cones  1/2  in. 

in  length  for  the  multi-orifice  torch  tip. 

4.  APPEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  crucible,  and 

keep  the  torch  moving  in  a  rotating  motion  to  heat 
all  the  metal  evenly.  The  individual  ingots  or  buttons 
will  pool  together  like  high-gold  content  alloys,  but 
they  will  also  retain  a  thin  OXIDE  FILM. 

5.  CASTING  FLUX  -  DO  NOT  USE  FLUX,  and  DO  NOT  DISTURB  THE  OXIDE  FILM. 

6.  WHEN  TO  CAST  -  When  literally  ROLLING  around  in  the  crucible  from  the 

pressure  of  the  torch  flame,  the  alloy  is  READY 
to  CAST.  DO  NOT  ATTEMPT  TO  BREAK  THE  OXIDE  SKIN. 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL;  DO  NOT  QUENCH;  DO  NOT  PICKLE. 

D.  INDUCTION  CASTING  (Start  with  a  preheated  crucible): 

1.  Set  ARM  SPEED  to  450  rpm. 

2.  Set  POWER  to  501. 

3.  Set  TEMPERATURE  to  2350  °F  (1288  °C). 

4.  HEAT  SOAK  for  5  sec. 

5.  Appearance  of  melt  when  ready  to  cast  is  the  same  with  torch  casting. 

6.  Use  Jeneric's  PD  Flux  to  minimize  overheating  and  crucible  melting. 
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VII.  ADJUSTING  AND  FINISHING— NATURELLE 


A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  COLLECT  GRINDINGS  -  This  is  a  precious  alloy  and  its  grindings  have 

scrap  value.  Vacuum  your  clothing  and  work  area. 

B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/incisal  seat 

and  marginal  seal  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  extensive  porosity)  should  be  remade. 

k.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 

C.  FINISHING  THE  CASTING: 

l.  STONES  AND  WHEELS  -  Use  the  same  materials  you  have  on  hand  to  finish 

gold-base  PFM  alloys;  i.e.,  uncontaminated  aluminum 
oxide  stones,  diamond  points,  etc. 

2.  AVUID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for  this 

particular  alloy  to  prevent  contamination  of  the  metal. 

3.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction,  using  light  pressure. 
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VIII.  PREPARATION  OP  THE  METAL  FOR  PORCELAIN— NATURELLE 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 


1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN-BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-jim  non-recycled ,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  60-70  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1200  °F  (649  °C) 

2.  HIGH  temperature  setting  -  1800  °F  (982  °C) 

3.  Rate  of  rise  -  90-100  op  (50-55  °C)/min 

4.  Atmosphere  -  Air  (NO  VACUUM) 

5.  HOLD  time  at  HIGH  temperature  -  None 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  DARK-BROWN  color 

b.  An  OVERoxldlzed  layer  -  DARK  REDDISH-BROWN  color 

c.  An  UNDERoxidized  layer  -  GRAY  to  BLACK  color 


C.  POST-OXIDATIUN  TREATMENT:  The  manufacturer  has  indicated  that  two  options 
are  available  in  the  management  of  the  oxidized  casting. 

1.  REMOVE  THE  OXIDE  LAYER  -  Air-abrade  all  porcelain-bearing  areas  with 

non-recycled,  50-jum  aluminum  oxide  (white  in  color). 

2.  CLEANING  -  Steam  clean  or  place  in  distilled  water  in  an  ultrasonic 

unit  for  10  min,  if  you  air-abraded  the  oxide  layer. 
Proceed  with  the  application  of  opaque  porcelain 
after  this  cleaning  step. 

3.  RETAIN  THE  OXIDE  LAYER  -  You  may  apply  opaque  porcelain  directly 

over  the  oxide  layer  (manufacturer's  preference). 
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IX.  PORCELAIN  COMPATIBILITY— HATURELLE 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has 
been  provided  by  the  alloy  manufacturer  (X): 


DENTAL  PORCELAIN 

PORCELAIN  COMPATIBILITY 

YES 

NO  MARGINAL  UNKNOWN 

ARTIS-TECH  (Jeneric) 

X 

BIOBOHD  (Dentsply) 

X 

CERAMCO  (Johnson  &  Johnson) 

X 

CRYSTAR  (Unitek)  - 

X 

(post-soldering  is  questionable) 

JELENKO  (Jelenko) 

X 

Low- 

X 

( BIOBOND)  SHADEMATE  (Dentsply)  Reg- 

X 

VITA  (Vident)  - 

X 

W1LL-CERAM  (Williams)  - 

X 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES: 


Apparently  there  may  be  some  risk  of  porcelain-metal  bond  failure  when 
post-soldering  units  constructed  of  Crystar  porcelain  on  Naturelle  metal. 
An  elevation  in  the  coefficient  of  thermal  expansion  of  Crystar  porcelain 
reportedly  may  occur.  If  the  porcelain's  expansion  goes  above  that  of  the 
alloy,  an  incompatibility  can  be  introduced. 


C.  SPECIAL  HANDLING  INSTRUCTIONS:  None 
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X.  PRE-SOLDERING  INSTRUCTIONS— HATURELLE 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  CN  Solder  (flows  between  1950  °F  and  1970  °F) 

2.  FLUX  -  Use  of  flux  is  optional. 

3.  INVESTMENT  -  Use  any  conventional  soldering  investment,  or  a  high-heat 

phosphate-bonded  casting  investment  with  distilled  water. 


B.  PRE-SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  Torch  (Williams)  with  its 

#248  tip,  or  the  HARRIS  torch  with  a  2N  tip  for  precise  heating. 

1.  Grind,  with  aluminum  oxides  stones,  surfaces  to  be  soldered.  This 
process  will  remove  any  oxides  or  contaminants  which  might  impede 
soldering. 

2.  Create  a  GAP  DISTANCE  of  approximately  0.3  mm. 

3.  Mix  investment  so  it  is  thick;  turn  fixed  partial  denture  upside  down; 
fill  the  inside  of  the  casting  with  the  mix;  add  a  little  extra  on  top; 
and  invert  onto  a  patty  of  investment.  Do  not  let  it  settle.  Keep  the 
investment  patty  as  small  as  possible. 

4.  Trim  the  investment  patty  and  form  a  "V"  groove  underneath  each  joint. 

5.  Allow  the  investment  to  reach  final  set;  then  boil  out  the  wax;  and 
preheat  the  assembly  to  1050  °F  (566  °C)  for  about  20  min.  If  acrylic 
resin  (Duralay)  is  used,  be  sure  to  remove  all  traces  of  the  resin 
before  initiating  the  solder  process. 

6.  Wear  #5  welding  glasses  as  protective  eye  wear. 

7.  Use  5  psi  OXYGEN  and  2  psi  NATURAL  GAS  (or  2  psi  PROPANE).  Adjust  the 
inner  blue  cone  of  the  flame  until  it  is  defined  and  has  no  feathered 
edge  at  its  tip. 

8.  Place  the  invested  units  on  a  soldering  block  so  that  the  length  of  the 
assembly  is  perpendicular  to  your  body.  In  other  words,  the  lingual 
side  of  the  units  is  to  your  right,  and  the  facial  to  your  left. 

9.  Apply  the  flux  to  the  joint  area  using  the  solder  strip  as  a  carrier. 

It  is  imperative  that  the  flux  be  liquified  and  made  to  flow  into  the 
joint  by  brushing  with  the  flame.  Repeat  this  step  for  each  joint  area. 

10.  Position  the  flame  so  that  it  is  directed  at  an  angle  of  about  80°  from 
the  lingual  side,  in  order  for  it  to  go  diagonally  through  the  joint 
and  heat  both  sides  of  the  joint  evenly. 


l4l 
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X.  PRE-SOLDERING  INSTRUCTIOHS-HATURELLE  (Cont'd.) 


11.  The  tip  of  the  inner  blue  cone  should  be  1/4  in.  -  1/2  in.  from 
the  joint. 

12.  As  the  surfaces  to  be  joined  turn  ORANGE/ WHITE,  feed  the  fluxed  end 
of  the  solder  into  the  lower-third  of  the  connector  on  the  lingual 
(the  same  side  where  the  flame  is  entering  at  the  occlusal  third). 
Continue  to  feed  the  joint  until  it  is  filled. 

13.  Once  the  joint  is  filled,  keep  the  joint  area  red  for  4-5  sec; 
remove  the  flame;  and  allow  to  cool  to  ROOM  TEMPERATURE. 

14.  Remove  traces  of  flux  with  stones,  or  blast  with  50-jim  aluminum 
oxide  abrasives. 

15.  Finish  the  metal  and  prepare  for  porcelain  application. 


C.  OXIDATION  OF  PRE-SOLDERED  UNITS:  Castings  which  have  been  pre-soldered 
should  be  oxidized  differently  from  non-soldered,  single  units  substruc¬ 
tures.  Rather  than  removing  the  fixed  partial  denture  immediately  after 
reaching  maximum  temperature,  HOLD  the  work  at  1800  °F  (982  °C)  for  10  min 
in  air;  then  remove  the  prosthesis  from  the  furnace. 
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XI.  POST-SOLDERING  INSTRUCTIONS— NATURELLE 


RECOMMENDED  MATERIALS:  It  is  presupposed  that  the  PFM  units  have  been 
glazed  and  polished,  and  that  the  metal  substructures  have  been  designed 
appropriately  for  the  post-soldering  procedure. 


v-Vv'.y 
*  “  *  »  * 


1.  SOLDER  -  WLF  Solder  (flows  between  1310  °F  and  1370  °F). 


*•  V  ■  *. 


2.  FLUX  -  Use  of  LF  flux  is  optional. 

3.  INVESTMENT  -  Same  as  pre-soldering  technique. 


POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  step.  It 
is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred 
to  as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Grind  joint  surfaces  with  a  fine  vitrified  aluminum  oxide  stone. 

2.  Create  a  GAP  DISTANCE  of  0.3  mm. 

3.  Place  the  units  on  the  master  cast,  and  seal  the  joint(s)  with  sticky 


4.  Added  rigidity  can  be  obtained  by  placing  a  metal  rod  across  the 
occlusal  or  incisal  surfaces,  and  sealing  it  with  sticky  wax. 

5.  Once  the  sticky  wax  has  cooled,  remove  the  work  from  the  master  cast, 
and  cover  all  the  porcelain  to  be  embedded  in  the  investment  with  white 
wax.  This  step  will  prevent  discoloration  of  the  glazed  porcelain. 

6.  Invest  the  castings  in  a  soldering  investment  (or  equivalent),  and  allow 
the  mix  to  set  for  20  min. 

7.  Trim  the  patty  to  a  3^8  in.  thickness  with  1/4  in.  borders,  and  remove 
all  the  wax  with  boiling  water 

8.  Shape  the  WLF  solder  strip  to  fit  the  joint  area  in  such  a  fashion 
that  it  fills  the  joint  and  protrudes  1/8  in.  from  the  joint. 


A'".'/. 


9.  While  the  work  is  still  warm  (from  wax  boil-out  procedure),  paint  the 
joint  area  with  LF  flux.  Also  dip  the  WLF  solder  strip  in  flux  before 
placing  it  in  the  joint  itself. 

10.  Dry  the  invested  work  thoroughly,  ana  slowly  introduce  it  into  a 
porcelain  furnace  set  at  1000  °F  (540  °C);  then  heat-soak  it  for  2  min. 

11.  With  a  full  vacuum,  increase  the  temperature  to  19  ft)  °F  (357  °C)  at  the 
rate  of  75  °F/ min;  and  the  solder  snou’.d  flow  accoraingly . 

12.  Remove  the  work;  allow  it  to  cool;  and  repolish  the  metal. 


3%^ 

•ovy/wl’. 
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PG-80+ 


I.  GENERAL  INFORMATION 


ALLOY  TYPE:  "PRECIOUS" 


ALLOY  SYSTEM:  High  Palladium-Copper 


ALLOY  CONTENT :  79 - 5%  Palladium,  1 %  Gold,  plus  19-5$  Copper,  Gallium  and 
unspecified  grain  refining  elements. 

(exact  formulation  is  proprietary  information) 

MANUFACTURER : 


Unitek  Corporation 
2724  South  Peck  Road 
Monrovia,  California  91016 


TELEPHONE  CONTACTS: 

Training  Lab  Manager 
(Call  person-to-person,  "Collect," 
on  commercial  number) 

ALLOY  INTRODUCED  IN:  1983 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  423-4588 

COMMERCIAL  PHONE  NUMBER: 
l-(8l8)  445-7960 

REGIONAL  SALES  REPRESENTATIVES: 


F.D.A.  LISTED:  Yes 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  No 


II.  PHYSICAL  DESCRIPTION 


Ingot  Color  -  Platinum 

Ingot  Weight  -  2  dwt 

Ingot  Identification  -  "UTK  PG-80+" 


Ingot  Shape  -  Square 
Ingots  Per  Ounce  -  10  per  oz 

Alloy  Packaging  -  1  oz  only 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES* 

Specific  gravity  (density)  -  10.7  g/ cc 

Brinell  hardness  number  -  244  (converted  from  Vickers) 

Vickers  hardness  number  -  253 

Percentage  elongation  (in  1  in.)  -  20 % 

Ultimate  tensile  strength  -  119,000  psi 

Yield  strength  (0.2$  offset)  -  90,000  psi 

Bond  strength  -  15,000  psi 

Coefficient  of  thermal  expansion  -  13.94  X  10-^  in/in/°C  (+  0.29) 

(from  ambient  to  600  °cT 
All  values  for  porcelain  fired  condition 


MEL  LING  RANGE  -  2150-2340  °F 
(1177-1282  °C) 


CASTING  TEMPERATURE  -  2o00-2800  °F 

(1427-1538  °C) 


.  r. 
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IV.  WAXING  AMD  SPRUING  INSTRUCTIONS— PG-8Q+ 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.1+  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.1+  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.1+  mm. 


B.  RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  the  DIRECT  METHOD,  with  8“  or  10-GAUGE  sprues,  15  mm 

in  length,  attached  to  the  thickest  portion  of  the  wax 
pattern.  Do  NOT  constrict  the  sprue-pattern  opening. 

2.  MULTIPLE  SINGLE  UNITS  -  Use  either  the  DIRECT  METHOD  (above)  or  the 

INDIRECT  METHOD,  with  3-1+  mm  long  8~  or  10-GAUGE 
pattern  sprues,  attached  to  an  8-GAUGE  runner  bar 
which  extends  just  beyond  the  width  of  the  patterns 
at  each  end.  Use  8-GAUGE  sprue  leads  offset  from  the 
runner  bar  to  the  crucible  former  cone. 

3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  METHOD,  with  3-1+  mm  long 

8-GAUGE  sprues,  attached  to  the  thickest  portion  of 
each  wax  pattern.  Join  these  sprues  to  an  8-GAUGE 
runner  bar  which  extends  just  beyond  the  width  of  each 
end  pattern.  Use  several  offset  8-GAUGE  sprue  leads 
from  the  runner  bar  to  the  crucible  former  cone. 

NOTE:  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  1+-2). 

1+.  VENTING  -  Optional,  use  18-GAUGE  round  wax  attached  near  facial 

margins  of  each  coping  and  pontic. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring;  build  up  the  sprue  former  with  wax;  and 
raise  the  pattern  to  within  1/1+  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases.  Design  the  spruing  system  so 
that  any  reservoir  is  in  the  HEAT  CENTER  of  the  casting 
ring  with  the  wax  patterns  in  a  COLD  ZONE  (Fig.  1+-2). 


1U5 
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V.  INVESTMENT  AND  BURNOUT  TECHNIQUE— PG-8CH- 

RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  The  manufacturer  recommends  the  use 
of  a  NON-CARBON  investment  (white  color). 

NON-CARBON  TYPE:  SPECIAL  LIQUID  DISTILLED  WATER 

a.  Vestra-fine  (Unitek)  -  10.5  cc  5-0  cc 

b.  Hi-Temp  (Whip-Mix)  -  4.5  cc  4.5  cc 

CARBON  TYPE:  NOT  recommended  for  this  alloy. 

a.  Deguvest  HFG  (Degussa)  -  7.0  cc  2.0  cc 

b.  Biovest  (Dentsply)  -  8.0  cc  3.0  cc 

2.  GYPSUM-BONDED  INVESTMENTS:  NOT  suitable  for  this  alloy. 

RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH  HEAT  rather  than  hygroscopic. 

MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  No  preference. 

You  may  also  use  one  WET  layer  of  NON-ASBESTOS  LINER  (Whip-Mix). 

BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  cold  oven  and  raise  to  a 
temperature  of  600  °F  (316  °C)  and  hold  for  30  min;  then  raise  the 
temperature  to  1550  °F  (843  °C);  and  HEAT  SOAK  as  follows: 

a.  Single  ring  -  1  hr 

b.  Three  units  in  a  single  ring  -  1  hr 

c.  Multiple  units,  2-3  rings  -  1  hr  20  min 

NOTE:  A  longer  soaking  time  may  be  required,  when  using  plastic  sprues 

to  ensure  complete  carbon  elimination. 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— PG-8Q+ 


CA5TING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  THERMATROL  2500  WITH  CARBON  CRUCIBLES): 
a.  Manufacturer's  preferred  casting  equipment  -  Unitek  Autocast 
c.  Alternative  systems  include  -  Centrifuge 

2.  CASTING  TORCH  -  Harris  l6-S  with  a  #1390H  multi-orifice  tip  or 

Degussa  torch. 

3.  CASTING  CRUCIBLES  -  Use  either  a  quartz  or  alumina  crucible. 

DO  NOT  USE  a  clay  crucible. 


QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50%  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50 %  by  weight. 

MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred,  NATURAL  GAS  adequate): 

1.  OXYGEN- GAS  RATIO  -  25  psi  OXYGEN  or  15  psi  PROPANE  (for  natural 

gas,  open  valve  all  the  way) 

2.  SETTING  CASTING  MACHINE  -  Add  one  turn  to  casting  machine  to  compen¬ 

sate  for  the  lower  density  of  the  alloy. 

3.  FLAME  ADJUSTMENT  -  Set  inner  blue  cones  to  a  length  of  1/2  in.  or  less. 

A.  APPEARANCE  OF  THE  MELT  -  Alloy  will  melt  rapidly,  and  the  ingots  will 

pool,  like  gold-base  PFM  alloys. 

5.  CASTING  FLUX  -  Not  needed. 

o.  WHEN  TO  CAST  -  When  the  alloy  begins  to  roll  and  glows  WHITE-YELLOW, 

allow  5  to  10  sec  of  heating  to  ensure  a  thorough  melt 

T.  RECOVERY  OF  CASTING  -  BENCH  COOL  for  at.  least  5  min.  DO  NOT  PICKLE. 

INDUCTION  CASTING  INSTRUCTIONS  (rre-heat  crucible): 

2.  Set  TEMPERATURE  to  2-500-2300  °F  (1427-1535  °C) . 

2.  APPEARANCE  -  Alloys  will  pool;  pool  will  Jump  as  Autocast  pulses. 


*At  close  of  text. 
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VII.  ADJUSTING  AND  FINISHING — PG-8Q+ 

A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  COLLECT  GRINDINGS  -  This  is  a  precious  alloy,  and  its  grindings  have 

scrap  value.  Vacuum  your  clothing  and  work  area. 


B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

k.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  the  same  materials  you  have  on  hand  to  finish 

precious  PFM  alloys;  i.e.,  uncontaminated  aluminum 
oxide  stones,  diamond  points,  etc. 

2.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for  this 

particular  alloy  to  prevent  contamination  of  the  metal 

3.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontarainated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction,  using  light  pressure. 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN — PG-8Q+ 


A.  REPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN’-BEARING  SURFACES  -Air-abrade  the  finished  metal  surfaces  with 

a  5 O-pm  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

AS  OF  THIS  TIME,  THE  MANUFACTURER  DOES  HOT  RECOMMEND  THAT  THIS  ALLOY 
UNDERGO  THE  CUSTOMARY  OXIDATION  PROCEDURE  TO  MINIMIZE  THE  POTENTIAL  FOR 
THERMAL  CREEP. 

1.  LOW  temperature  settings  -  Not  applicable  (N/A) 

2.  HIGH  temperature  setting  -  N/A 

3.  Rate  of  rise  -  N/A 

4 .  Atmosphere  -  N/A 

5.  HOLD  time  at  HIGH  temperature  -  N/A 

6.  Appearance  of  the  oxide  layer: 

a.  A  properly  oxidized  layer  -  N/A 

b.  An  OVERoxidized  layer  -  N/A 

c.  An  UNDERoxidized  layer  -  N/A 
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IX.  PORCELAIN  COMPATIBILITY— PG-80+ 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has  been 
provided  by  the  alloy  manufacturer  (X) : 


DENTAL  PORCELAIN 

1.  ARTIS-TECH  (Jeneric)  - 

2.  BIOBOHD  (Dentsply )  - 

3.  CERAMCO  (Johnson  &  Johnson)  - 

4.  CRYSTAR  (Unitek)  - 

5.  JELEHKO  (Jelenko)  - 

Low 

6.  (BIOBOHD)  SHADEMATE  (Dentsply)  Reg 

7.  VITA  (Vident)  - 

8.  WILL-CERAM  (Williams)  - 


PORCELAIN  COMPATIBILITY 
YES  NO  MARGINAL  UNKNOWN 

X 
X 
X 
X 
X 

X 
X 


B.  NONE  OR  SUSPECTED  PORCELAIN  INCOMPATIBILITIES:  None 


x  x 
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X.  PRE-SOLDERING  INSTRUCTIONS— PG-80+ 


RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  UTK  High  Fusing  Gold  Solder  (1945  °F/10oo  °C) 

2.  FLUX  -  Use  UTK  High  Fusing  Gold  Solder  flux. 

3.  INVESTMENT  -  No  preference.  Use  either  a  soldering  investment  or 

a  high-heat  casting  investment  with  all  distilled 
water. 

SOLDERING  TECHNIQUE :  For  precise  heating,  use  the  Magic  Wand  torch 
(Williams)  with  a  # 24Q  tip,  or  the  Harris  16-S  torch  and  a  2N  tip. 
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1.  Grind  the  metal  surfaces  to  be  soldered  with  uncontaminated  abrasives 
used  with  PG-80+  exclusively. 

2.  Prepare  a  uniform  GAP  DISTANCE  of  0.3  mm. 

3.  Invest  in  a  high-heat  soldering  investment  with  a  3/ 8-in.  base. 

4.  Trim  the  investment  to  remove  sharp  angles  and  to  create  access  to 
each  joint  area. 

5.  Boil  off  the  sticky  wax  or  heat  to  1000  °F  (538  °C)  to  remove  any 
acrylic  resin.  Allow  to  cool  to  room  temperature,  and  clean  the 
joint  areas (s) . 

6.  Cover  each  joint  with  solder  flux  paste,  and  be  sure  to  get  the 
paste  between  each  unit.  Use  an  instrument,  if  necessary. 

7.  Preheat  the  investment  block  in  an  electric  furnace  at  1150  °F  (621  °C) . 

8.  Use  25  psi  OXYGEN  with  NATURAL  GAS  or  15  psi  PROPANE. 

9.  Place  cut  sections  of  the  UTK  High  Fusing  Gold  Solder  in  each  joint. 

10.  Heat  the  solder  connections(s)  until  they  reach  the  working  temperature 
of  the  solder. 

11.  Once  soldering  is  complete,  alloy  the  investment  block  to  cool  slowly 
to  room  temperature  before  divesting. 

12.  Grind  the  joint(s)  with  uncontaminated  stones;  air-abrade;  and  clean 
in  an  ultrasonic  unit  to  remove  all  traces  of  flux  and  investments. 

13.  Remove  the  cleaned  castings,  and  proceed  with  the  application  of 
opaque  porcelain. 
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XI.  POST-SOLDERING  INSTRUCTIONS— PG-8CH- 

A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Unitek  Low  Fusing  Gold  Solder  (flows  at  1544  °F/  840  °C) 

2.  FLUX  -  Use  Unitek  Low  Fusing  Gold  Solder  flux. 

3.  INVESTMENT  -  No  preference.  Use  either  a  soldering  investment  or  a 
high-heat  casting  investment  with  distilled  water. 

B.  SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  with  a  view  port  to  monitor 
the  soldering  process. 

1.  Prepare  a  uniform  GAP  DISTANCE  of  no  more  than  0.1-0. 2  mm. 

2.  Join  the  units  to  be  soldered  with  sticky  wax  or  acrylic  resin,  then 
reinforce  with  heavy  gauge  wire. 

3.  Cover  all  the  porcelain  surfaces  with  white  or  ivory  wax,  to  prevent 
contact  with  the  soldering  investment  and  porcelain  discoloration. 

4.  Invest  and  trim  the  investment  block  to  a  thickness  of  3/8  in. (9  mm). 

5.  Boil  out  the  sticky  wax  and  clear  waxes. 

6.  Air-abrade  the  solder  area(s)  with  50-^im  aluminum  oxide  under  20  psi. 

7.  Apply  a  thin  layer  of  low  fusing  flux  to  the  solder  and  place  it 

in  each  joint.  Remove  any  excess  to  prevent  porcelain  discoloration. 

8.  Preheat  the  assembly  in  front  of  the  furnace  muffle  for  15  rain. 

9.  Slowly  introduce  the  work  into  a  furnace  preheated  to  1200  °F/649  °C. 

10.  Raise  vacuum  to  700  mm  Hg. 

11.  Set  the  furnace  maximum  temperature  to  the  solder  working  temperature 
(1544  °F/840  °C). 

12.  Observe  when  solder  has  flowed  completely. 

13.  If  necessary,  the  temperature  may  be  Increased  in  10  °F  Increments 
until  the  solder  flows. 

14.  Carefully  remove  the  work  and  inspect  the  solder  joints.  Allow  the 
metal  to  cool  uniformly,  before  divesting  and  repollshing. 
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THE  HIGH  PALLADIUM-COBALT  ALLOYS 


7-1.  GENERAL  DESCRIPTION 

The  strong  interest  in  an  economical  precious  alternative  to  gold-base 
metals  probably  was  responsible  for  the  development  of  the  high  palladium- 
cobalt  group.  The  popularity  of  the  high  palladium-copper  alloys  has  been 
tempered  to  some  degree  by  the  problems  associated  with  this  new  group  of 
metals.  The  general  attitude  was  that,  if  copper  were  to  blame  for  many  of 
the  ills  of  the  high  palladium-copper  group,  then  a  high  palladium  alloy  with 
a  copper  substitute  might  be  more  attractive.  Apparently,  this  has  not  been 
the  case.  Of  the  two  high  palladium  groups,  the  cobalt-group  does  not  appear 
to  have  captured  an  equal  share  of  the  high  palladium  market  with  the  copper- 
group  . 

In  general,  the  palladium  content  of  the  high  palladium-cobalt  alloys 
ranges  between  78  and  88#. 1  The  two  cobalt-containing  alloys  we  examined 
contained  either  83  or  88#  palladium,  up  to  8#  cobalt,  and  no  gold  or  platinum. 
The  commercial  success  of  the  high  palladium  alloys  containing  2#  gold  has 
led  to  the  development  of  high  palladium- cobalt  alloys  with  this  noble  metal 
addition.  Alloy  competition  is  keen  in  the  dental  industry.  If  clinicians 
and  technicians  want  a  2%  gold  content  in  order  to  describe  their  alloy  as 
"palladium-gold,"  they  will  find  several  alloys  from  which  to  choose. 

One  of  the  most  obvious  features  of  the  cobalt-containing  alloys  is  the 
production  of  a  characteristic  cobalt-blue  oxide  (Fig.  7~l).  The  oxide 
layer  is  as  distinctive  for  this  group  as  the  brown  to  black  oxide  is  for  the 
copper-containing  alloys.  However,  the  substitution  of  cobalt  for  copper  has 
also  affected  the  properties  of  the  metal  as  well  (Table  3).  These  alloys  may 
be  more  prone  to  overheating  and  porcelain  bubbling.2  Their  castability  may 
not  be  as  good  as  the  copper  group,  and  indirect  spruing  and  a  minimum  burnout 
temperature  of  1450  °F  (788  °C)  is  recommended.2  On  the  other  hand,  they 
reportedly  are  more  amenable  to  pre-soldering,  although  we  did  not  attempt  to 
confirm  this  fact.2  In  addition,  it  has  been  suggested  that  members  of  the 
cobalt  group  have  more  thermal  stability  (sag  resistance)  than  their  copper- 
containing  counterparts.2  In  fact,  some  contend  the  high  palladium- cobalt 
alloys  are  the  most  sag-resistant  of  all  the  noble  metal  alloys.1  At  least 
one  of  the  high  palladium-cobalt  alloys  has  been  advertised  as  possessing  a 
more  stable  and  thin  oxide,  accompanied  by  the  tendency  to  inhibit  oxide  build¬ 
up.  8  Since  these  alloys  are  copper-free  alloys,  there  is  no  need  to  hold  the 
castings  at  temperature  for  5  min  during  the  oxidation  process,  That  is  a  5-min 
time  savings  for  the  technician. 

The  high  palladium-cobalt  alloys  we  tested  appeared  to  produce  a  very 
distinctive  cobalt-blue  oxide  comparable  in  thickness  to  the  copper-group. 

The  oxide  appears  to  be  thicker  than  that  of  a  gold-palladium  alloy  (Fig.  7-2). 
However,  this  assessment  was  based  on  direct  visual  observation  and  not  a 
scientific  measurement  of  oxide  film  thickness.  The  blue  oxide  is  rather 
pronounced  and  might  affect  porcelain  shade  (blueing)  as  the  brown-black 
oxidation  does  the  alloys  from  the  copper  group. 
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7-2.  ECONOMIC  CONSIDERATIONS 

The  high  palladium-cobalt  alloys  are  comparable  in  price  to  their  copper- 
containing  counterparts,  and  much  more  economical  than  gold-base  alloys.  The 
density  of  the  cobalt-containing  metals  is  comparable  to  that  of  the  copper 
group,  and  lower  than  that  of  the  high-gold  or  gold -palladium  metals.  There¬ 
fore,  these  alloys  can  produce  more  castings  per  ounce  of  alloy,  the  buttons 
are  reusable,  and  the  grindings  have  scrap  value. 


7-3.  TARNISH  RESISTANCE 

These  alloys  are  primarily  composed  of  the  noble  metal  palladium  which 
enable  them  to  be  highly  tarnish  resistant.  No  restorations  were  observed 
to  have  undergone  intraoral  tarnishing. 


7-U.  ADVANTAGES: 

Are  PRECIOUS  alloys. 

Have  a  high  noble  metal  content. 

Can  be  used  with  carbon  and  non-carbon  phosphate-bound  investments. 

Melt  and  cast  like  gold-base  PFM  alloys. 

Are  less  dense  than  gold-base  alloys,  thus  providing  more  castings 
per  ounce. 

Are  compatible  with  many  dental  porcelains. 

Have  burnishing  characteristics  similar  to  those  of  gold-palladium  alloys. 
Are  less  expensive  than  high-gold  and  gold-palladium  alloys. 

Have  a  high  noble  metal  content  and  do  not  tarnish. 

Available  in  2-dwt  ingots. 

Reportedly  are  easier  to  pre-solder  than  high  palladium-copper  alloys. 
Reportedly  polish  like  gold-palladium  alloys. 

The  buttons  are  reusable. 

Their  trace  elements  reportedly  do  not  burn  off  as  readily  as  with 
the  high  palladium-copper  alloys. 


7-5-  DISADVANTAGES: 

Are  not  A.D.A.  CERTIFIED. 

Are  not  A.D.A.  "ACCEPTABLE"  or  "PROVISIONALLY  ACCEPTABLE." 

Should  not  be  cast  in  carbon  crucibles  (Thermatrol  2500). 

A  non-carbon  containing  phosphate-bonded  investment  is  preferred. 

Are  prone  to  gaseous  absorption  (hydrogen,  oxygen,  etc.). 

May  be  more  prone  to  overheating  than  high  palladium-copper  group. 

May  not  have  the  same  castability  as  the  high  palladium-copper  aliovs. 
Most  produce  a  thick  blue  oxide. 

Porcelain-metal  bond  failures  may  occur  due  to  heavy  oxide. 

Gas  entrapment  may  cause  bubbling  of  the  opaque  porcelain. 

The  blue  oxide  may  discolor  some  dental  porcelains. 

Generally,  have  a  relatively  high  thermal  expansion  coefficient. 

Are  more  compatible  with  high  expansion  dental  porcelains. 
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7-6.  BIOCOMPATIBILITY 

The  cobalt-containing  high  palladium  alloys  are  composed  largely  of  the 
noble  and  precious  metal  palladium.  They  do  not  contain  nickel,  beryllium, 
or  any  other  elements  presently  suspected  of  being  potentially  harmful  to 
patients,  dental  technicians,  or  clinicians.  Therefore,  on  the  basis  of  pres 
ent  information,  the  high  palladium- cobalt  alloys  appear  to  be  biologically 
Safe  alternatives  for  the  gold-base  systems. 


7-7-  REFERENCES 

1.  Anusavice,  K.  J. :  Noble  metal  alloys  for  metal-ceramic  restorations. 
Dent  Clin  North  Am  29  (4):789,  1985* 

2.  Personal  communication.  Mr.  Paul  Cascone,  J.  F.  Jelenko  &  Co.,  Armonk, 
NY,  1984. 

3.  PTM-88  and  Micro-Star.  J.  F.  Jelenko  &  Co.,  Armonk,  NY,  1985. 


EDITOR'S  NOTE:  The  following  Attachments  provide  comprehensive  information 
on  two  examples  of  the  high  palladium-cobalt  group;  specifically, 
PTM-88  and  SUPRA-AP. 
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PTM-88 


I.  GENERAL  INFORMATION 


ALLOY  TYPE:  "PRECIOUS" 


ALLOY  SYSTEM:  High  Palladium-Cobalt 


ALLOY  CONTENT :  88%  Palladium,  8%  Gallium,  and  k%  Cobalt 


MANUFACTURER : 

J.  F.  Jelenko  &  Company 
99  Business  Park  Drive 
Armonk,  New  York  10504 


TELEPHONE  CONTACTS: 


Technical  Services  Dept. 
ALLOY  INTRODUCED  IN:  1983 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE: 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  431-1785 

COMMERCIAL  PHONE  NUMBER: 
1-(914)  273-8600 

REGIONAL  SALES  REPRESENTATIVES: 


F.D.A.  LISTED:  Yes 


II.  PHYSICAL  DESCRIPTION 


Ingot  Color  -  Platinum 

Ingot  Weight  -  2  dwt 

Ingot  Identification  -  "Jelenko 

PTM-88" 


Ingot  Shape  -  Rectangle 
Ingots  Per  Ounce  -  10 

Alloy  Packaging  -  1  oz 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  11.0  g/ cc 

Brinell  hardness  number  -  210 

Vickers  hardness  number  -  235 

Percentage  elongation  (in  1/2  in.)  -  25% 

Ultimate  tensile  strength  -  115,000  psi 

Yield  strength  (0.1%  offset)  -  83,000  psi 

Bond  strength  -  18,000  psi 

Coefficient  of  thermal  expansion  -  14.2  x  10~6  in/in/°C 


MELTING  RANGE 


■  2120-2340  °F 
(1160-1282  °C) 


CASTING  TEMPERATURE  -  2450  °F 

(1343  °C) 
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IV.  WAXING  AHD  SPRUIHG  INSTRUCTIONS— PIM-88 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.5  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.5  mm. 


B.  RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  8~  or  10-  GAUGE  sprues 

5  nm  long,  attacned  to  the  thickest  part  of  the  wax 
pattern;  a  6-  or  8-GAUGE  runner  bar,  and  offset 
8-GAUGE  leads  connecting  the  sprue  former  to  the 
runner  bar  (Fig.  4-2). 


2.  MULTIPLE  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  8-  or  10-GAUGE 

sprues  5  mm  long,  attached  to  the  thickest  part  of 
each  pattern;  a  6-  or  8-GAUGE  runner  bar,  and  offset 
8-GAUGE  leads  connecting  the  sprue  former  to  the 
runner  bar.  Extend  the  length  of  the  runner  bar 
beyond  the  width  of  the  patterns  at  each  end. 


3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  METHOD,  with  8~  or  10-GAUGE 

sprues  5  mm  long,  attached  to  the  thickest  part  of 
each  pattern;  a  6-  or  8-GAUGE  runner  bar,  and  offset 
8-GAUGE  leads  connecting  the  sprue  former  to  the  runner 
bar.  Extend  the  length  of  the  runner  bar  beyond  the 
width  of  the  patterns  at  each  end. 

NOTE:  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  k-2). 

4.  VENTING  -  Is  not  considered  necessary. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax,  and 
raise  the  patterns  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases  during  investment  burnout. 
Arrange  the  spruing  system  so  the  reservoir  portion  is 
in  the  HEAT  CENTER  of  the  casting  ring  with  the  wax 
patterns  In  a  COLD  ZONE  (Fig.  k-2). 
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V.  INVESTMENT  AFP  BURNOUT  TECHNIQUE — PTM-88 


A.  RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  Start  with  a  dilution  ratio  between 
80-50$  special  liquid  and  20-50$  distilled  water. 

NON-CARBON  TYPE:  SPECIAL  LIQUID  DISTILLED  WATER 

a.  Vestra-fine  (Unitek)  11.0  cc  4.5  cc 

b.  Hi-Temp  (Whip-Mix)  4.5  cc  4.5  cc 

c.  Hi-Span  (Jelenko)  Not  tested  with  this  alloy 

CARBON  TYPE: 

Deguvest  HFG  (Degussa)  J.O  cc  2.0  cc 

NOTE:  A  carbon-containing  investment  may  be  used  with  this  alloy, 
but  all  carbon  must  be  eliminated  during  burnout. 

2.  GYPSUM-BONDED  INVESTMENTS:  NOT  suitable  for  this  alloy. 


B.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH  HEAT  rather  than  hygroscopic 


C.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  N0BEST0S  (Jelenko) 

You  may  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix)  or  a 
similar  material.  Place  the  ring  liner  flush  with  the  top  of  the 
casting  ring,  but  leave  at  least  a  l/8~in.  clearance  at  the  bottom  of 
the  ring.  The  1/8-in.  clearance  will  help  lock  the  investment  in  the 
ring  when  it  expands  (Fig.  4-2).  If  additional  expansion  is  needed,  use 
two  layers  of  asbestos  substitute  and/or  more  special  liquid  and  less 
distilled  water. 


D .  BURNuUT  TECHNIQUE : 

PHOSPHA IE-BONDED  INVESTMENT:  Start  with  a  cold  or  room  temperature  oven 
and  raise  to  1500  °F  (8lo  °C)  at  the  rate  of  20  °F/min;  then  HEAT  SOAK 

as  foLiows: 

a.  Single  ring  -  1  hr 

b.  Three  units  in  a  single  ring  -  1  hr 

c.  Multiple  units,  2-3  rings  -  1  hr  and  20  min,  add  10  rain  for  each 

additional  casting  ring. 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— PTM-88 


A.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  A  THERMATROL  2500  WITH  CARBON  CRUCIBLES): 

a.  Manufacturer's  Preferred  Casting  Equipment  -  Torch  and  centrifuge 

b.  Alternative  Systems  Include  -  Centrifuge 

2.  CASTING  TORCH  -  Harris  16-S  with  #1390  H  multi-orifice  tip. 

3.  CASTING  CRUCIBLES  -  Alumina  or  quartz;  DO  NOT  USE  CLAY  OR  CARBON  TYPE. 


B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/ 50 %  by  weight 

C.  MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred,  NATURAL  GAS  adequate): 

1.  OXYGEN-GAS  RATIO  -  10  psi  OXYGEN  to  NATURAL  GAS,  or  10  psi  PROPANE. 

2.  SETTING  CASTING  MACHINE  -  Add  one  additional  turn  to  casting  machine 

to  compensate  for  the  alloy's  lower  density. 
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3.  FLAME  ADJUSTMENT  -  Adjust  torch  to  produce  inner  blue  cones  1/4  in. 

in  length  for  the  multi-orifice  torch  tip. 

4.  APPEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  crucible.  The 

individual  ingots  or  buttons  will  pool  together  like 
high-gold  content  alloys,  but  they  will  also  take 
on  a  cloudy  surface  appearance  (thin  OXIDE  FILM). 

5.  CASTING  FLUX  -  Flux  is  not  necessary. 

6.  WHEN  TO  CAST  -  When  the  cloudiness  disappears,  the  alloy  is  READY 

to  CAST.  DO  NOT  ATTEMPT  TO  BREAK  THE  OXIDE  SKIN. 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL;  DO  NOT  QUENCH;  DO  NOT  PICKLE. 


D.  INDUCTION  CASTING  (Start  with  a  preheated  crucible) 


Jelenko  Procaster 


1.  Set  ARM  SPEED  to  3-4. 

2.  Set  POWER  to  3-4. 
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*  At  close  of  text. 
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VII.  ADJUSTING  AND  FINISHING — PTM-88 


A.  REMOVING  THE  SPRL’S: 

1.  SEPARATING  DISC  -  Use  Jelenko  High-Speed  separatina  disc  or  similar 

disc. 

2.  COLLECT  GRINDINGS  -  This  is  a  precious  alloy,  and  its  grindings  have 

scrap  value.  Vacuum  your  clothing  and  work.  area. 


B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  extensive  porosity)  should  be  remade. 

4.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISH LNG  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  the  same  materials  you  have  on  hand  to  finish 

gold-base  PFM  alloys;  i.e.,  Jelenko  Brown  Mounted 
Points,  uncontaminated  aluminum  oxide  stones,  diamond 
points,  etc. 

2.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for 

this  particular  alloy  to  prevent  contamination  of  the 
metal. 

3.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction  and  use  light  pressure. 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN— PTtt-88 

A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 


1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  ( lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN -BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-jun  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1300  °F  (704  °C) 

2.  HIGH  temperature  setting  -  1850  °F  (1010  °C) 

3.  Rate  of  rise  -  90-100  °F  (50-55  °C)/min 

4.  Atmosphere  -  Air  (NO  VACUUM) 

5.  HOLD  time  at  HIGH  temperature  -  None 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  BLUE-PURPLE  color,  rough  surface 

b.  An  OVERox id i zed  layer  -  Not  obvious,  by  appearance,  with 

c.  An  LNDERoxidized  layer  -  this  particular  alloy. 


C.  POST-OXIDATION  TREATMENT: 


1.  REMOVE  THE  OXIDE  LAYER  -  Ail — abrade  the  casting  with  non-recycled, 

50-/im  aluminum  oxide  or  quartz. 


2.  CLEANING 


Place  in  distilled  water  in  an  ultrasonic  unit  for 
10  min,  then  apply  the  opaque  porcelain. 


V  V 
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IX.  PORCELAIN  COMPATIBILITY— FPfr-88 

A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has  been 


provided  by  the  alloy  manufacturer 

DENTAL  PORCELAIN 

1.  ARTIS-TECH  (Jeneric) 

2.  BIOBOND  (Dentsply)  - 

3.  CERMACO  (Johnson  &  Johnson)  - 
h.  CRYSTAR  (Unitek)  - 

5.  JELENKO  (Jelenko)  - 

Low 

6.  (BIOBOND)  SHAD04ATE  (Dentsply)  Reg- 

7.  VITA  (Vident)  - 

3.  WILL-CERAM  (Williams)  - 


PORCELAIN  COMPATIBILITY 

YES  NO  MARGINAL  UNKNOWN 

X 

X 

X 

X 

X 

X 

X 

X 

X 


B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES: 


Refer  to  Section  A  above.  No  other  information  provided. 


C.  SPECIAL  HANDLING  INSTRUCTIONS:  None 
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X.  PRE-SOLDERING  INSTRUCTIONS— PTM-88 

RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Olympia  Pre-solder  (flows  between  2030  and  2060  °F) 

2.  FLUX  -  Is  NOT  recommended.  Flux  may  contaminate  the  porcelain. 

3.  INVESTMENT  -  Use  any  conventional  soldering  investment  or  a  high-heat 

phosphate-bonded  casting  investment  with  distilled  water. 


PRE-SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  Torch  (Williams)  with  its 

#248  tip,  or  the  HARRIS  torch  with  a  2N  tip  for  precise  heating. 

1.  Grind,  with  aluminum  oxide  stone,  all  surfaces  to  be  soldered.  This 
process  will  remove  any  oxides  or  contaminants  which  might  impede 
pre-soldering . 

2.  Create  a  GAP  DISTANCE  of  approximately  0.5  mm. 

3.  Mix  investment  so  it  is  thick;  turn  fixed  partial  denture  upside  down; 
fill  the  inside  of  the  casting  with  the  mix;  add  a  little  extra  on  top; 
and  invert  onto  a  patty  of  investment.  Do  not  let  it  settle.  Keep  the 
investment  patty  as  small  as  possible. 

4.  Trim  the  investment  patty,  and  form  a  "V"  groove  underneath  each  jojnt. 

5.  Allow  the  investment  to  reach  final  set;  then  boil  out  the  wax;  and 
preheat  the  assembly  to  1050  °F  (566  °C)  for  about  20  min.  If  acrylic 
resin  (Duralay)  is  used,  be  sure  to  remove  all  traces  of  the  resin 
before  initiating  the  soldering  process. 

6.  Use  10  psi  OXYGEN  and  1/4  psi  NATURAL  GAS  (or  10  psi  PROPANE).  Adjust, 
the  inner  blue  cone(s)  until  a  feathered  edge  is  produced  at  each  Up 

7.  Place  the  invested  units  on  a  soldering  block  so  the  length  of  the 
assembly  is  perpendicular  to  your  body.  In  other  words,  the  lingual 
side  of  the  units  is  to  your  right,  and  the  facial  to  your  left. 


8.  Begin  soldering. 
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XI.  POST-SOLDERING  INSTRUCTIONS— PTM-88 


A.  RECOMMENDED  MATERIALS:  It  is  presupposed  that  the  porcelain  units  have 
been  glazed  and  polished,  and  the  metal  substructures  have  been  designed 
appropriately  for  the  post-soldering  procedure. 

1.  SOLDER  -  Alboro  LF  Post-solder  (flows  between  1310  °F  and  1370  °F). 

2.  FLUX  -  Use  of  LF  flux  is  optional. 

3.  INVESTMENT  -  Same  as  pre-soldering  technique. 


B.  POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  step.  It 

is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred 

to  as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Grind  joint  surfaces  with  a  fine  vitrified  aluminum  oxide  stone. 

2.  Create  a  GAP  DISTANCE  of  0.5  mm. 

3.  Place  units  on  the  master  cast,  and  seal  the  joint(s)  with  sticky  wax. 

4.  Once  the  sticky  wax  has  cooled,  remove  the  work  from  the  master  cast; 
and  cover,  with  white  wax,  all  the  porcelain  to  be  embedded  in  the 
investment.  This  step  will  prevent  discoloration  of  the  glazed 
porcelain. 

5.  Invest  the  castings  in  a  soldering  investment  (or  equivalent),  and 
allow  the  mix  to  set. 

6.  Trim  the  patty  to  remove  sharp  corners  and  to  increase  access  to  the 
joint  areas. 

7.  Remove  all  the  wax  with  boiling  water. 

8.  Shape  the  Alboro  LF  Post-Solder  strip  to  fit  the  joint  area(s)  in  such 
a  fashion  that  the  pieces  fill  the  joint(s). 

9.  Dry  the  invested  work  thoroughly,  and  slowly  introduce  it  into  a 
porcelain  furnace  set  at  1000  °F  (540  °C),  then  heat  soak  it  for 
several  minutes. 


10.  A  full  vacuum  may  be  drawn  to  reduce  oxide  build-up. 

11.  Raise  the  temperature  to  1470  °F  (7b0  °c)  at  the  rate  of  75  °F/min, 
and  the  solder  should  flow  accordingly. 

12.  Remove  the  work;  allow  it  to  cool;  and  repolish  the  metal. 


'V  i 

•*.  a  -\  / 

* .  • .  •■.  - .  *v  v. 

-  *  -  -  m  *  «  ■  *  ;  '  .  '  .  1.  *  ,  * 


165 


—SECTION  7:  ATTACHMENT  2— 


SUPRA-AP 


I.  GENERAL  INFORMATION 

ALLOY  TYPE:  "PRECIOUS"  ALLOY  SYSTEM:  High  Palladium-Cobalt 

ALLOY  CONTENT:  83#  Palladium,  6-8 %  Cobalt,  7#  Gallium,  and  4#  Indium 
MANUFACTURER : 


Rx.  Jeneric  Gold  Company 
Jeneric  Industries,  Inc. 

P.0.  Box  724 

Wallingford,  Connecticut  06492 


TELEPHONE  CONTACTS: 

Laboratory:  Mr.  Grant  Day 
Mr.  Rick  Tobey 
Research:  Dr.  Arun  Prasad 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  243-3969,  Ext. 212  or  310 

COMMERCIAL  PHONE  NUMBER: 
l-(203)  265-7397  (in  Connecticut) 
and  outside  U.S.,  call  "Collect") 

REGIONAL  SALES  REPRESENTATIVES: 

None 


ALLOY  INTRODUCED  IN:  1982  F.D.A.  LISTED:  Yes 

A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  No 


II.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Rectangle 

Ingot  weight  -  Approx.  1  dwt  (ingots  vary)  Ingots  per  ounce  -  20 

Ingot  identification  -  "SAP"  Alloy  packaging  -  1  oz  only 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  11.45  g/ cc 

Brinell  hardness  number  -  250 

Vickers  hardness  number  -  2b5 

Percentage  elongation  (in  1  in.)  -  20# 

Ultimate  tensile  strength  -  130,000  psi  (9,039  kg/cm2) 

Yield  strength  (0.2#  offset)  -  90,000  psi  (6,327  kg/cm2) 

Bond  strength  -  13,000  psi 

Coefficient  of  thermal  expansion  -  .6064#  @  450  °C 


MELTING  RANGE  -  2275-2375  °F 
(1246-1302  °C) 


CASTING  TEMPERATURE  -  2475  op 

(1357  °F) 
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IV.  WAXIHG  AND  Si  RUING  INSTRUCTIONS— SUPRA-AP 

MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.4  ram 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.4  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.4  mm 
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RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  the  DIRECT  METHOD,  with  8~  or  10-GAUGE  sprues 

1/4  in.  to  3/8  in.  (6-7  mm)  long,  attached  to  the 

thickest  part  of  the  wax  pattern.  If  a  RESERVOIR 
sprue  is  used,  the  distance  between  the  wax  pattern 
and  the  reservoir  should  be  approximately  l/lo  in. 

(1.5  mm).  (The  manufacturer  also  suggests  narrowing 
down  the  sprue  as  it  approaches  the  pattern.) 

2.  MULTIPLE  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  1/4  in.  (6  mm) 

10-GAUGE  sprues  to  each  pattern,  an  8-GAUGE  runner  bar, 
and  offset  8-GAUGE  leads  connecting  the  sprue  former 
to  the  runner  bar.  Extend  the  length  of  the  runner 
bar  beyond  the  width  of  the  patterns  at  each  end. 

3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  METHOD,  with  1/4  in.  (6  mm) 

10-GAUGE  sprues  to  each  pattern,  an  8-GAUGE  runner  bar, 
and  offset  8-GAUGE  leads  connecting  the  sprue  former  to 
the  runner  bar.  Extend  the  length  of  the  runner  bar 
beyond  the  width  of  the  patterns  at  each  end. 

NOTE:  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  4-2). 

4.  VENTING  -  Use  18-GAUGE  wire,  placed  1.0  mm  from  the  gingival  margin. 

Extend  the  vent  to  the  outer  edge  of  the  sprue  form, 
but  do  not  connect  it. 
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5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 
casting  ring,  build  up  the  sprue  former  with  wax,  and 
raise  the  pattern  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases  during  investment  burnout. 
Arrange  the  spruing  system  so  the  reservoir  portion 
is  in  the  HEAT  CENTER  of  the  casting  ring  with  the  wax 
patterns  in  a  COLD  ZONE  (Fig.  4-2). 
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V.  INVESTMENT  AND  BURNOUT  TECHNIQUE— SUPRA-AP 


A.  RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  Start  with  a  dilution  ration  between 
30-50$  special  liquid  and  20-50$  distilled  water. 


NON-CARBON  TYPE: 

a.  Vestra-fine  (Unitek) 

b.  Hi -Temp  (Whip-Mix) 


SPECIAL  LIQUID  DISTILLED  WATER 

5.5  cc  10.0  cc 

^.5  cc  4.5  cc 


CARBON  TYPE: 

a.  Biovest  (Dentsply)  8.0  cc  3.0  cc 

b.  Deguvest  HFG  (Degussa)  7.0  cc  2.0  cc 

NOTE:  A  carbon-containing  investment  may  be  used  with  this  alloy,  but 

all  carbon  must  be  eliminated  during  burnout. 

2.  GYPSUM-BONDED  INVESTMENTS:  Not  suitable  for  this  alloy. 

B.  RECOMMENDED  METHOD  OP  INVESTMENT:  HIGH  HEAT. 


C.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  rCAOLINER  (Dentsply),  DRY. 

You  may  also  use  one  'WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix)  or 
N0BESTGS  (Jelenko).  Place  the  ring  liner  flush  with  the  top  of  the  casting 
ring,  but  leave  at  least  1/8-in.  clearance  at  the  bottom  of  the  ring.  The 
1/3-in.  clearance  will  help  lock,  the  investment  in  the  ring  when  it  expands 
(Fig.  4-2).  If  additional  expansion  is  needed,  use  two  layers  of  asbestos 
substitute  and/or  more  special  liquid  and  less  distilled  water. 


D.  BURN'uUT  TECHNIQUE : 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  cold  or  room  temperature  oven, 
and  raise  to  lOOO  °F  (d71  °C)  at  the  rat-  of  20  °F/min;  then  HEAT  SOAK 
as  follows: 

a.  Single  ring  -  1-1/2  hr 


b.  Three  units  in  a  single  ring  -  1-1/2  hr 


Multiple  units,  2-3  rings 


l-i/2  hr,  add  lu  min  for  each  additional 
casting  ring. 


I 


*  "  *  J  ^  %  ^  u  •-»  -»  uiu  ,V.  UVu  U  ^  .’^1  .U 


—SECTION  7:  ATTACHMENT  2— 


VI.  MELTING  AND  CASTING  INSTRUCTIONS— SUPRA-AP 


A.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  A  THERMATROL  2500  WITH  CARBON  CRUCIBLES): 

a.  Manufacturer's  preferred  casting  equipment  -  Torch  and  centrifuge 

or  Induction  casting 

b.  Alternative  systems  include  -  Centrifuge. 

2.  CASTING  TORCH  -  Harris  l6-S  with  #1390  H  multi-orifice  torch  tip. 

3.  CASTING  CRUCIBLES  -  Quartz  or  alumina. 

B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  30/ 70?. 


C.  MELTING  .AND  CASTING  TECHNIQUE:  (PROPANE  preferred,  NATURAL  GAS  adequate) 

1.  OXYGEN-GAS  RATIO  -  20  psi  OXYGEN  to  NATURAL  GAS,  or  3~5  psi  PROPANE. 

2.  SETTING  CASTING  MACHINE  -  Add  one  additional  turn  to  casting  machine 

to  compensate  for  the  lower  density  of  the  alloy. 

3.  FLAME  ADJUSTMENT  -  Adjust  torch  to  produce  inner  blue  cones  1/2  in. 

in  length  for  the  multi-orifice  torch  tip. 

4 .  APFEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  crucible,  and 

keep  the  torch  moving  in  a  rotating  motion  to  heat  all 
the  metal  evenly.  The  individual  ingots  or  buttons 
will  pool  together  like  high-gold  content  alloys,  but 
they  will  also  retain  a  thin  OXIDE  FILM. 

5.  CASTING  FLUX  -  Fused  borax  may  be  used,  if  deemed  necessary. 

6.  WHEN  TC  CAST  -  When  literally  ROLLING  around  in  the  crucible  from  the 

pressure  of  the  torch  flame,  the  alloy  is  READY 
to  cast.  DO  NOT  ATTEMPT  TO  BREAK  THE  OXIDE  SKIN. 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL  -  DO  NOT  QUENCH  -  DO  NOT  PICKLE. 


D.  INDUCTION  CASTING  (Start  with  a  preheated  crucible): 

1.  Set  ARM  SPEED  to  450  rpm. 

2.  Set  POWER  to  50?. 

3.  Set  TEMPERATURE  to  2450  °F  (13A3  °C). 

4.  HEAT  SOAK  for  5  sec. 

5.  Appearance  of  melt  when  ready  to  cast  is  the  same  with  torch  casting. 

6.  Use  Generic' s  PD  Flux  to  minimize  overheating  and  crucible  melting. 
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VII.  ADJUSTING  AND  FINISHING — SUPRA-AP 

REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  COLLECT  GRINDINGS  -  This  is  a  precious  alloy,  and  its  grindings  have 

scrap  value.  Vacuum  your  clothing  and  work  area. 


FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

L.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  the  same  materials  you  have  on  hand  to  finish 

gold -base  PFM  alloys,  i.e.  uncontaminated  aluminum 
oxide  stones,  diamond  points,  etc. 

2.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for 

this  particular  alloy  to  prevent  contamination  of  the 
metal. 

3.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface  in 
one  direction,  and  use  light  pressure. 


— SECTTOH  7:  ATTACHMENT  2— 


VIII.  PREPARATIOH  OF  THE  METAL  FOR  PORCELAIN— SUPRA-AP 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surface,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to 
the  application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50“jun  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  60-70  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber  wheel¬ 
ing  and  air-abrading. 

B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1200  °F  (6^9  °C) 

2.  HIGH  temperature  setting  -  1850  °F  (1010  °C) 

3.  Rate  of  rise  -  90-100  °F  (50-55  °C)/min 
i*.  Atmosphere  -  Air  (NO  VACUUM) 

5.  HOLD  time  at  HIGH  temperature  -  None 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  DEEP  BLUE  color 

b.  An  OVERoxidized  layer  -  NOT  APPARENT 

c.  An  UNDERoxldized  layer  -  NOT  APPARENT 

C.  POST-OXIDATION  TREATMENT:  The  manufacturer  has  indicated  that  two  options 
are  available  in  the  management  of  the  oxidized  casting. 

1.  REMOVE  THE  OXIDE  LAYER  -  You  may  remove  the  bulk,  of  the  oxide  layer 

by  lightly  air-abrading  with  50-jUm  aluminum  oxide. 

2.  CLEANING  -  Steam  clean  or  place  casting  in  distilled  water  in  an 

ultrasonic  unit  for  10  min,  if  you  air-abraded  the 
casting.  Proceed  with  the  application  of  opaque 
porcelain  after  this  cleaning  step. 

3.  RETAIN  THE  OXIDE  LAYER  -  You  may  apply  opaque  porcelain  directly  over 

the  oxide  layer. 
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EC.  PORCELAIN  COMPATIBILITY— SUPRA-AP 

A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has  been 
provided  by  the  alloy  manufacturer  (X): 

DEHTAL  PORCELAIN  PORCELAIN  COMPATIBILITY 

YES  NO  MARGINAL  UNKNOWN 

1.  ARTIS-TECH  (Jeneric)  -  X 

2.  BIOBOND  (Dentsply)  -  X 

3.  CERAMCO  (Johnson  &  Johnson)  -  X 

h.  CRYSTAR  (Unitek)  -  X 

5.  JELENKO  (Jelenko)  - 

Low- 

fi.  (BIOBOND)  SHADH4ATE  (Dentsply)  Reg- 

7.  VITA  (Vident)  -  X 

8.  VILL-CKRAM  (Williams)  -  X 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  None 


C.  SPECIAL  HANDLING  INSTRUCTIONS:  None 
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X.  PRE-SOLDERING  INSTRUCTIONS— SUPRA-AP 


RECOMMENDED  MATERIALS: 

1.  SOLDER  -  WCG  Solder  (flows  at  approximately  2150  °F/1177  °C) 

2.  FLUX  -  Use  of  flux  is  optional. 

3.  INVESTMENT  -  Use  any  conventional  soldering  investment  or  a  high-heat 

phosphate-bonded  casting  investment  with  distilled  water. 


PRE-SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  Torch  (Williams)  with  its 
#248  tip,  or  the  HARRIS  torch  with  a  2N  tip  for  precise  heating. 

1.  Grind,  with  aluminum  oxide  stones,  all  surfaces  to  be  soldered.  This 
process  will  remove  any  oxides  or  contaminants  which  might  impede 
pre-soldering. 
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2.  Create  a  GAP  DISTANCE  of  approximately  0.3  mm. 

3.  Mix  investment  so  it  is  thick;  turn  fixed  partial  denture  upside  down; 
fill  the  inside  of  the  casting  with  the  mix;  add  a  little  extra  on  top; 
and  invert  onto  a  patty  of  investment.  Do  not  let  it  settle.  Keep  the 
investment  patty  as  small  as  possible. 

4.  Trim  the  investment  patty,  and  form  a  "V"  groove  underneath  each  joint. 

5.  Allow  the  investment  to  reach  final  set;  then  boil  out  the  wax;  and 
preheat  the  assembly  to  1050  °F  (566  °C)  for  about  20  min.  If  acrylic 
resin  (Duralay)  is  used,  be  sure  to  remove  all  traces  of  the  resin 
before  initiating  the  soldering  process. 

6.  Wear  #5  welding  glasses  as  protective  eye  wear. 

7.  Use  5  psi  OXYGEN  and  2  psi  NATURAL  GAS  (or  2  psi  PROPANE).  Adjust  the 
inner  blue  cone  of  the  flame  until  it  is  defined  and  has  no  feathered 
edge  at  its  tip. 

8.  Place  the  invested  units  on  a  soldering  block  so  the  length  of  the 
assembly  is  perpendicular  to  your  body.  In  other  words,  the  lingual 
side  of  the  units  is  to  your  right,  and  the  facial  to  your  left. 

V •  Apply  the  flux  to  the  joint  area,  using  the  solder  strip  as  a  carrier. 

It  is  imperative  that  the  flux  be  liquified  and  made  to  flow  into  the 
joint  by  brushing  with  the  flame.  Repeat  this  step  for  each  joint  area. 

10.  Position  the  flame  so  it  is  directed  at  an  angle  of  about  30  degrees 
from  the  lingual  side,  goes  diagonally  through  the  joint,  and  heats 
ooth  sides  of  the  joint  evenly. 
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— SECTION  7:  ATTACHMENT  2 — 


X.  PRE-SOLDERING  IBSTRUCTIOHS-SUPRA-AP  (Cont'd.) 


11.  The  tip  of  the  inner  blue  cone  should  be  1/4  in.  -  1/2  in.  from 
the  joint. 

12.  As  the  surfaces  to  be  joined  turn  ORANGE-WHITE,  feed  the  fluxed  end 
of  the  solder  into  the  lover  third  of  the  connector  on  the  lingual 
(the  same  side  where  the  flame  is  entering  at  the  occlusal  third). 
Continue  to  feed  the  joint  until  it  is  filled. 

13.  Once  the  joint  is  filled,  keep  the  joint  area  red  for  4-5  sec,  remove 
the  flame,  and  allow  to  cool  to  ROOM  TEMPERATURE. 

14.  Remove  traces  of  flux  with  stones,  or  blast  with  aluminum  oxide 
abrasives. 

15.  Finish  the  metal  and  prepare  for  porcelain  application. 


C.  OXIDATION  OF  PRE-SOLDERED  UNITS:  Castings  which  have  been  pre-soldered 
should  be  oxidized  differently  from  non-soldered,  single  unit  substruc¬ 
tures.  Rather  than  removing  the  fixed  partial  denture  immediately  after 
it  reaches  maximum  temperature,  HOLD  the  work  at  1800  °F  (982  °C)  for 
10  min  in  air;  then  remove  it  from  the  furnace. 


— SECTION  7:  ATTACHMENT  2 — 


A. 


B. 


XI.  POST-SOLDERING  INSTRUCTIONS— SUPRA-AP 


RECOMMENDED  MATERIALS:  It  is  presupposed  that  the  porcelain  units  have 
been  glazed  and  polished,  and  the  metal  substructures  have  been  designed 
appropriately  for  the  post-soldering  procedure. 

1.  SOLDER  -  WLF  Solder  (flows  between  1310  and  1370  °F/710  and  743  °C). 

2.  FLUX  -  Use  of  LF  flux  is  optional. 

3.  INVESTMENT  -  Same  as  pre-soldering  technique. 

POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  step.  It 
is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred 
to  as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Grind  joint  surfaces  with  a  fine  vitrified  aluminum  oxide  stone. 

2.  Create  a  GAP  DISTANCE  of  0.3  mm. 

3.  Place  the  units  on  the  master  cast,  and  seal  the  joint(s)  with  sticky 
wax. 

4.  Added  rigidity  can  be  obtained  by  placing  a  metal  rod  across  the 
occlusal  or  incisal  surfaces,  and  sealing  it  with  sticky  wax. 

5.  Once  the  sticky  wax  has  cooled,  remove  the  work  from  the  master  cast; 
and  cover,  with  white  wax,  all  the  porcelain  to  be  embedded  in  the 
investment.  This  step  will  prevent  discoloration  of  the  glazed 
porcelain. 

6.  Invest  the  castings  in  a  soldering  investment  (or  equivalent),  and  allow 
the  mix  to  set  for  20  min. 

7.  Trim  the  patty  to  a  3/8  in.  thickness  with  1/4  in.  borders,  and  remove 
all  the  wax  with  boiling  water. 

8.  Shape  the  WLF  solder  strip  to  fit  the  joint  area  in  such  a  fashion  that 
it  fills  the  joint  and  protrudes  1/8  in.  from  it. 

9.  While  the  work  is  still  warm  (from  wax  boil-out  procedure),  paint  the 
joint  area  with  LF  flux.  Also  dip  the  WLF  solder  strip  in  flux  before 
placing  it  in  the  joint  itself. 

10.  Dry  the  invested  work  thoroughly,  and  slowly  introduce  it  into  a 
porcelain  furnace  set  at  1000  °F  (540  °C) ;  then  heat  soak  it  for  2  min. 

11.  With  a  full  vacuum,  raise  the  temperature  tc  1875  °F  (857  °C)  at  the 
rate  of  75  °F/min,  and  the  solder  should  fLow  accordingly. 

12.  Remove  the  work;  allow  it  to  cool;  and  repolish  the  metal. 
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SECTION  8: 


THE  PALLADIUM-SILVER  ALLOYS 


8-1.  GENERAL  DESCRIPTION 

Of  the  many  dental  casting  alloy  systems  for  the  PFM  restoration,  the 
palladium-silver  alloys  may  be  the  least  appreciated  and  the  most  maligned. 
Several  misconceptions  about  these  alloys  have  been  perpetuated  over  the 
years,  inadvertently  transforming  myths  into  perceived  facts. 

The  fi"  t  generalization  regarding  the  palladium-silver  alloys  pertains 
to  the  description  of  the  basic  compositions  of  these  metals.  They  most 
frequently  are  depicted  as  being  composed  of  60?  palladium,  with  the  balance 
being  silver,  plus  trace  amounts  of  additives  like  indium  and  tin.-*-  Other 
assessments  might  include  a  range  of  50-60?  for  the  palladium,  and  mention 
that  silver  makes  up  the  balance, ^  or  limit  the  silver  content  to  30-H0?, 
omitting  any  listing  of  the  remaining  elements  in  the  alloy. 3  Actually,  the 
description  of  the  palladium-silver  alloys  can  be  a  great  deal  more  specific. 
There  are  many  different  metals  on  the  market,  but  two  rather  distinct  trends 
in  formulation.  One  group  of  alloys  has  a  palladium  content  approximating  60? 
(57-60?  range),  with  roughly  30?  silver  (28~32?  range),  plus  indium  and  tin 
and  other  trace  elements  added  to  make  up  the  balance.  A  second  group  had  a 
palladium  content  closer  to  50?  (50-55?),  a  silver  content  approaching  40? 

( 35—^0? ) ,  plus  tin  and  other  trace  elements,  but  NO  indium.  The  difference 
in  the  make-up  of  these  metals  does  have  an  influence  on  the  alloys.  The 
higher  palladium  content  metals,  containing  both  indium  and  tin,  produce  a 
bluish-violet  oxide.11  The  lower  palladium  and  higher  silver  content  alloys 
containing  tin,  but  no  indium,  produce  a  light  gray  oxide.  The  oxide  is  so 
light  that  it  has  also  been  described  as  a  transparent  tin  oxide  (Fig.  8-l). 

One  study  suggested  that  the  oxidation  occurs  internally  and  not  externally 
at  all. 5  Whether  that  observation  accurately  portrays  the  behavior  of  these 
alloys  is  not  clear;  for  the  alloy  samples  in  the  study  were  not  finished  in 
the  customary  manner,  but  were  given  a  metallurgical  polish  prior  to  oxidation. 
Nonetheless,  the  fact  remains  that  the  level  of  oxidation  for  the  palladium- 
silver  alloys  reportedly  does  not  interfere  with  pre-solder. 


Figure  8-1.  The  oxides  produced  by  this 
palladium-silver  alloy  (Will-Ceram  W-l  ) 
are  light  gray  in  color,  and  appear 
almost  transparent. 


Williams  Gold  Refining  Company,  Buffalo,  NY 
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More  importantly,  some  believe  that  the  tin  oxide  (SnOp)  improves  chemical 
bonding  and  wettability .6  Yamamoto  has  even  suggested  acid-treating  precious 
PFM  alloys  to  remove  selectively  all  the  unfavorable  dark  oxides,  and  leave 
only  the  white  tin  oxide  (SnOp)  on  the  alloy  surface.®  What  is  often  over¬ 
looked  is  the  fact  that  the  palladium-silver  alloys,  which  contain  tin  but  no 
indium,  naturally  produce  the  white  tin  oxides  (SnOp).  One  can  use  these 
alloys  and  avoid  the  potential  dangers  to  the  technician  and  the  parent 
alloy  which  are  associated  with  handling  acids. 

It  has  also  been  said  that  palladium-silver  alloys  do  not  cast  very 
well.'*-*?  Unfortunately,  this  statement  is  based  on  a  1976  study  using  the 
silver-palladium  crown  and  bridge  alloys,  NOT  palladium-silver  PFM  alloys, 
and  is  analogous  to  describing  the  castability  of  Olympia  using  the  results 
of  a  study  on  Type  III  gold.  The  palladium-silver  alloys  DO  cast  well,  but 
they  require  careful  heating  and  melting.  Palladium  does  have  an  affinity 
for  hydrogen  (hydrogen  acceptor)  and  other  gases,  while  silver  is  prone  to 
oxygen  absorption. 1  Careful  torch  adjustment  and  proper  melting  (reducing 
zone)  can  compensate  for  these  weaknesses.  The  palladium-silver  alloys  cast 
margins  completely  and  there  was  no  observable  interference  with  bonding  due 
to  the  high  silver  content  as  suggested  by  MCLean.1  In  fact,  the  palladium- 
silver  alloys  melt  and  cast  as  easily  as  gold-base  PFM  alloys  (Figs.  8-2  to 
8-5).  However,  subsurface  porosity  due  to  alloy  overheating  during  induction 
casting  has  been  reported.®  As  with  the  palladium  base  alloy,  in  general,  the 
zircon-aluminum  or  quartz  casting  crucibles  are  recommended.  Carbon  crucibles 


Figure  8-3.  By  controlling  the  amount 
of  metal  used,  the  reservoir  bar  is 
the  largest  mass  or'  metal  and  can  be 
positioned  in  the  heat  center  of  the 
investment . 


should  not  be  used  in  this  alloy  system. 


Figure  8-2.  To  control  the  amount  of 
alloy  used  and  to  eliminate  a  button, 
the  wax  patterns  were  weighed  before 
investing . 


* 


J.  F.  Jelenko  &  Co.,  Buffalo,  NY. 


Figure  8-4.  The  location  of  the  casting 
porosity  can  be  controlled  by  properly 
estimating  the  amount  of  palladium- 
silver  alloy  (Will-Ceram  W-l*)  that  is 
needed  and  following  the  Laws  of  Casting. 
Note  that  the  porosity  is  on  the  under¬ 
side  of  the  reservoir  bar,  away  from 
the  restorations . 


Figure  8~5.  The  castings,  as  well  as 
the  top  portion  of  the  reservoir  bar, 
are  dense  and  cast  completely,  with  no 
porosity  being  detectable.  (The 
marginal  irregularities,  in  the  unit 
on  the  right  for  the  porcelain  margin 
substructure,  were  present  in  the  wax- 
up.) 


Perhaps  the  most  unqualified  statement  frequently  made  regarding  the  palladium- 
silver  alloys  is  that  the  "principle"  or  "major"  problem  with  these  alloys  is 
the  porcelain  discoloration  or  color  change  due  to  a  high  silver  content.l>2 
The  most  typical  description  is  a  "green"  discoloration,  especially  with  the 
lighter  shades  and  most  often  at  the  porcelain  metal  junction. 3  It  is  more 
important  to  note  that  although  these  color  changes  may  occur,  they  do  not 
necessarily  take  place  with  every  dental  porcelain. 2>9  Two  Rental  porce¬ 
lains  are  available  today  which  reportedly  are  resistant  to  porcelain  dis¬ 
coloration:  Will-Ceram  and  Artis-Tech.  9  Both  porcelain  systems  were  used 
with  the  palladium-silver  alloys,  and  no  discoloration  of  the  porcelain 
was  observed.  This  phenomenon,  which  has  been  discussed  in  greater  detail  in 
Section  3,  is  not  repeated  here.  However,  it  is  important  to  understand 
that.  If  the  major  disadvantage  of  the  routine  use  of  palladium-silver 
alloys  is  the  potential  discoloration  of  the  dental  porcelain,  the  problem 
can  be  readily  overcome  simply  by  using  one  of  the  (chemically)  compatible 
dental  porcelains. 
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Silver  contamination  of  sagg  ?  trays  and  the  porcelain  furnace  can  be 
controlled  by  firing  with  carbon  pellets  and  regularly  purging  the  furnace 
muffle  to  remove  accumulated  silver  (Fig.  8-6).  Poor  technique  in  this 
regard  can  lead  to  silver  build-up  and  color  changes  in  dental  porcelains 
less  resistant  to  interaction  with  silver  particles. 


Figure  8-6.  A  piece  of  carbon  should 
be  placed  on  the  sagger  tray  and  fired 
with  each  palladium-silver  unit  to 
reduce  the  likelihood  of  porcelain 
discoloration  by  silver. 


Since  most  of  the  attention  is  focused  on  the  negative  aspects  of  the 
palladium-silver  alloys  (porcelain  discoloration,  muffle  contamination),  not 
everyone  is  aware  of  the  positive  features  of  this  alloy  system.  For  instance, 
the  palladium-silver  metals  possess  a  high  yield  strength  and  modulus  of 
elasticity, 1*2  thus  making  them  suitable  for  long-span  fixed  partial  dentures 
as  well  as  single  units  (Table  3).1  In  fact,  since  the  elastic  modulus  is 
the  most  favorable  of  all  the  precious  metal  alloys,  the  castings  are  the 
least  flexible, 2  Because  the  nobility  of  the  system  ranges  from  50  to  60%, 
the  level  of  tarnish  and  corrosion  resistance  is  quite  high. 2  Likewise,  these 
alloys  do  not  contain  any  elements  with  questionable  biological  ramifications, 
and  are  regarded  as  non-toxic. 1  Some  assessments  describe  the  palladium-silver 
alloys  as  possessing  mechanical  properties  superior  even  to  the  most  costly 
noble  metal  alloys. 2  Their  clinical  working  characteristics  are  also  good, 
and  bond  strength  is  excellent. 2  Moreover,  both  the  bluish-violet  oxide  of 
indium  and  tin  metals  and  the  transparent  tin  oxide  of  the  tin  only  alloys 
are  less  likely  to  influence  porcelain  shade  development,  particularly  when 
used  with  porcelain  systems  like  Will-Ceram  and  Artis-Tech  (Figs.  8~T  and 
8-8) .  The  palladium-silver  alloys  are  very  easy  to  adjust  and  produce  a  very 
high  shine,  thus  making  finishing  botn  quick  and  easy. 

The  palladium-silver  system  has  been  available  for  approximately  10 
years,  and  two  alloys  are  A.D.A.  Acceptable:  Will-Ceram  W-l  and  Jelstar. 

The  Will-Ceram  W-l  is  a  .lower  palladium,  higher  silver  alloy  containing  tin 
and  no  indium,  and  produces  a  transparent  tin  oxide  layer.  Although  we  did 
not  test  Jelstar,  it  is  the  high  palladium,  lower  silver  type  of  alloy  which 
contains  both  indium  and  tin,  thus  resulting  in  a  slightly  darker  oxide. 
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Figure  Q-J .  The  palladium-silver  alloy 
(Will-Ceram  W-l*)  on  the  right  has  a 
much  lighter  oxide  layer  than  the  high 
palladium-copper  alloy  (Naturelle  ) 
on  the  left.  Not  only  is  the  color 
itself  lighter  with  the  palladium- 
silver  alloy,  but  the  actual  amount 
of  surface  oxides  appears  less  than 
with  the  high  palladium-copper  casting. 


Figure  8-8.  When  compared  with  a 
gold -palladium  alloy  (Olympia  )  on 
the  left  and  a  high  palladium-copper 
alloy  (Naturelle*  )  in  the  middle, 
the  palladium-silver  alloy  (Will-Ceram 
W-l*)  on  the  right  has  an  obviously 
lighter  and  more  discreet  oxide. 


8-2.  ECONOMIC  CONSIDERATIONS 

Interestingly  enough,  the  cost  of  the  palladium-silver  alloys  is  often 
b0%  of  the  gold-palladium  metals,  such  as  Olympia,  and  less  than  many  of  the 
high  palladium  alloys.  When  the  government  cost  of  Olympia  is  $296.20/oz, 
an  ounce  of  Will-Ceram  W-l  and  Jelstar  can  be  purchased  for  as  little  as 
$86.80  and  $118.00,  respectively  (February  1985  price). 

Alloys  in  this  system  possess  scrap  value,  and  their  buttons  can  be 
reused  just  like  gold-base  metals.  Grindings  and  flash  should  be  collected 
regularly  for  turn-in  with  other  precious  metals. 


8-3.  TARNISH  RESISTANCE 

Since  these  a  1  levs  have  a  high  noble  metal  content  (>80/»  palladium), 
v  o 

they  are  very  tarnish  and  corrosion  resistant.'-  We  did  not  observe  any 
evidence  of  tarnish  or  corrosion. 


Williams  Gold  Refining  Co.,  Buffalo,  NY. 
nx  Generic  Gold  Co.,  Wallingford,  CT. 

J.  F.  Jelenko  &  Co.,  Armonk,  NY. 


-SECTION  8— 


8-4.  ADVANTAGES: 

Are  PRECIOUS  alloys. 

Have  a  substantial  NOBLE  metal  content. 

At  least  2  alloys  are  A.D.A.  "ACCEPTABLE". 

Are  available  In  2-dwt  Ingots. 

Melt  and  cast  like  gold-base  PFM  alloys. 

Are  less  dense  than  gold -base  alloys,  thus  resulting  In  more  castings 
per  ounce. 

Are  suitable  for  long  span  fixed  partial  dentures,  as  well  as  single  units. 
Are  burnishable. 

Produce  either  a  light  or  transparent  oxide  layer. 

Are  reportedly  easy  to  pre-solder,  since  they  do  not  oxidize  heavily. 

Are  easy  to  adjust  and  finish. 

Can  be  readily  polished  to  a  high  shine. 

Are  MUCH  less  expensive  than  gold-palladium  alloys. 

Are  even  less  expensive  than  the  newer  high  palladium  alloys. 

Are  reportedly  easy  to  pre-solder. 

Their  buttons  are  reusable. 

Have  scrap  value. 


8-5.  DISADVANTAGES : 

Are  not  A.D.A.  CERTIFIED. 

Should  not  be  cast  in  carbon  crucibles. 

A  non-carbon  containing  phosphate-bonded  investment  is  preferred. 

Are  prone  to  gaseous  absorption  (hydrogen,  oxygen,  etc.). 

May  not  be  best  suited  for  induction  casting. 

May  discolor  some  dental  porcelains. 

Are  most  predictable  with  dental  porcelains  which  are  resistant  to  silver 
interaction  and  porcelain  discoloration  (Will-Ceram  and  Artis-Tech) . 

May  have  to  consider  adding  a  metal  conditioner  to  prevent  discoloration 
if  a  non-resistant  porcelain  is  used. 

May  have  to  consider  acid  treatment  of  the  oxidized  casting  to  reduce 
surface  silver  if  a  non-resistant  porcelain  is  used. 

Should  fire  each  case  with  a  carbon  pellet  to  retard  silver  oxidation. 

Must  purge  the  porcelain  furnace  muffle  correctly  and  on  a  routine  basis. 

Silver  build-up  in  the  furnace  muffle  may  even  contaminate  restorations 
made  of  non-silver  containing  alloys. 
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EDITOR'S  NOTE:  The  following  Attachments  provide  comprehensive  information 
on  four  examples  of  the  palladium-silver  alloy  system,  specifically? 
BAK-ON  SP,  JEL-5,  P0RS-0N,  and  WILL-CERAM  W-l. 
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BAK-ON  SP 


I.  GENERAL  INFORMATION 


ALLOY  TYPE:  "PRECIOUS" 


ALLOY  SYSTEM:  Palladium-Silver 


ALLOY  CONTENT:  5  3%  Palladium,  31%  Silver,  6%  Tin,  4%  Indium  and  1%  Zinc 


MANUFACTURER : 

Johnson  &  Johnson 
Dental  Products  Company 
20  Lake  Drive,  CN  70b0 
East  Windsor,  N.J.  08520 


TOLL-FREE  PHONE  NUMBER:  NONE 

COMMERCIAL  PHONE  NUMBERS: 
l-(20l)  1+9^-7311  (Eastern) 
l-(404)  233-5441+  (Southern) 
l-{ 312)  654-0990  (Midwestern) 
l-(d05)  497-4424  (Western) 


TELEPHONE  CONTACTS: 


REGIONAL  SALES  REPRESENTATIVES: 


Mr.  John  C.  Subelka 

Metals  Research  &  Development 

l-(609)  443-3300 


Area  Technical  Directors 


ALLOY  INTRODUCED  IN:  1981 


F.D.A.  LISTED:  YES 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  NO 


II.  PHYSICAL  DESCRIPTION 


Ingot  color  -  Platinum 
Ingot  weight  -  2  dw ' 

Ingot  identification  -  "Bak-On 

SP" 


In^ot  Shape  -  Square 
Ingots  Per  Ounce  -  10  per  oz 
Alloy  Packaging  -  1  oz  only 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  10.7  g/cc 

Brlnell  hardness  number  -  220 

Vickers  hardness  number  -  240 

Percentage  elongation  (in  1  in.)  -  15% 

Ultimate  tensile  strength  -  96,000  psi 

Yield  strength  (0.2  %  offset)  -  by, 000  psi 
Bond  strength  -  15,200  psi 

Coefficient  of  thermal  expansion  -  14.3  x  10"^  in/in/C  (between  40-500  °C) 


MELTING  RANGE  -  2320-2410  °F 

(1271-1331  °C) 


CASTING  TEMPERATURE  -  2450  °F 

(1343  °C) 
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IV.  WAXING  AND  SPRUING  INSTRUCTIONS— BAK-ON  SP 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.5  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.7  mm. 


B.  RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  either  the  DIRECT  or  INDIRECT  Method. 

DIRECT  Method:  Attach  a  10-GAUGE  sprue  8-10  mm  in  length  directly  to 
the  thickest  portion  of  the  wax  pattern  (Fig.  4-l). 

RESERVOIR  SPRUES:  According  to  the  manufacturer,  reservoir  sprues 
may  also  be  used  for  direct  spruing. 

2.  MULTIPLE  SINGLE  UNITS  -  Use  the  INDIRECT  Method  only. 

INDIRECT  Method:  Attach  12-GAUGE  sprues  5~8  mm  in  length  to  the  wax 
patterns.  Join  these  sprues  to  an  8-GAUGE  runner 
bar  which  extends  just  beyond  the  length  of  the  end 
patterns.  Use  offset  8-GAUGE  sprue  leads  from  the 
runner  bar  to  the  sprue  former  (Fig.  4-2). 

3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  Method  with  12-GAUGE 

sprues  5-8  mm  in  length  to  the  wax  patterns.  Join 
these  sprues  to  an  8-GAUGE  runner  bar  which  extends 
Just  beyond  the  length  of  the  end  patterns.  Use 
several  offset  8-GAUGE  sprue  leads  from  the  runner 
bar  to  the  crucible  former  (Fig.  4-2). 

(NOTE:  Adjust  the  runner  bar  to  conform  to  the  contour  of  the  fixed 
partial  denture.  Be  sure  to  cut  the  bar  and  rewax  it  to  eliminate 
any  wax  memory.) 

4.  VENTING  -  Use  an  18-GAUGE  wax  wire  vent  for  each  crown  to  assist 

gas  exhaustion. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax,  and 
raise  the  pattern  to  within  1/4  in.  of  the  top  of  the 
ring.  This  procedure  will  facilitate  wax  elimination 
and  the  escape  of  gases.  Design  the  spruing  system  so 
that  any  reservoir  is  in  the  HEAT  CENTER  of  the  casting 
ring,  with  the  wax  patterns  in  a  "COLD  ZONE"  (Fig.  4-2). 
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RECOMMENDED  INVESTMENTS : 

1.  PHOSPHATE-BONDED  INVESTMENTS:  Use  either  a  NON-CARBON  investment 
(white  color),  or  a  CARBON-conuaining  investment. 


NON-CARBON  TYPE: 


Vestra-fine  (United)  - 


SPECIAL  LIQUID 
8.0  cc 


DISTILLED  WATER 


7.5  cc 


CARBON  TYPE: 


Deguvest  HFG  (Degussa)  - 


7.0  cc 


2.0  cc 


2.  GYPSUM-BONDED  INVESTMENTS:  NOT  suitable  for  this  alloy. 

B.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT  rather  than  hygroscopic. 


MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Unspecified 

We  routinely  use  one  WET  layer  of  NON-ASBESTOS  LINER  (Whip-Mix).  You 
may  also  use  KAOLINER  (Dentsply)  or  NOBESTOS  (Jelenko).  Place  the  liner 
flush  with  the  top  of  the  casting  ring,  but  leave  at  least  1/8-in.  clear 
ance  at  the  bottom  of  the  ring.  The  l/8~in.  clearance  will  help  lock 
the  investment  in  the  ring  when  the  investment  expands  (Fig.  k-2  ).  If 
additional  expansion  is  needed,  use  two  layers  of  ring  liner  or  more  of 
the  special  liquid. 


D.  BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  cold  oven  and  raise  to  a 
temperature  of  1^50  °F  (788  °C),  and  HEAT  SOAK  as  follows: 

a.  Single  ring  -  1  hr 

b.  Three  units  in  a  single  ring  -  1  hr 

c.  Multiple  units,  2-3  rings  -  1  hr  and  20  min.  (Add  10  min 

for  each  additional  ring.) 
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VIo  MELTIHG  AID  CASTING  INSTRUCTIONS — BAK-ON  SP 

CASTING  EQUIPMENT : 

1.  CASTING  MACHINE:  (You  may  use  a  THERMATROL  2500  with  CARBON  crucibles.) 

a.  Manufacturer's  Preferred  Casting  Equipment  -  Induction  casting. 

b.  Alternative  Systems  Include  -  Broken  arm  casting  machine,  centrifuge. 

2.  CASTING  TORCH  -  Harris  l6-S  with  #1390H  multi-orifice  tip. 

3.  CASTING  CRUCIBLES  -  An  alumina  crucible  is  preferred,  but  a  quartz 
crucible  may  also  be  used.  DO  NOT  USE  a  clay  crucible. 

QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (TABLE  l).  * 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  70/30?  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight. 

MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred,  NATURAL  GAS  adequate): 

1.  OXYGEN-GAS  RATIO  -  20  psi  OXYGEN  and  15-20  psi  PROPANE. 

2.  SETTING  CASTING  MACHINE  -  add  one  turn  to  casting  machine  to 

compensate  for  the  lower  density  of  the  alloy. 

3.  FLAME  ADJUSTMENT  -  Set  inner  blue  cones  to  a  length  of  3/4  in.  with 

an  overall  length  of  2  in.  Place  torch  tip  approxi¬ 
mately  1/2  in.  from  alloy.  Move  in  a  rotating  motion. 

4.  APPEARANCE  OF  THE  "MELT"  -  The  metal  will  roll  with  fluidity.  When 

a  clear  surface  appears,  place  ring  in  the  cradle. 

5.  CASTING  FLUX  -  Is  not  necessary  since  there  is  little  slag. 

6.  WHEN  TO  CAST  -  Heat  alloy  for  5  sec  after  alloy  "clears." 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL;  DO  NOT  QUENCH;  and  DO  NOT  PICKLE. 
INDUCTION  CASTING: 

1.  Set  ARM  SPEED  to  4000-4500  rpm. 

2.  Set  TEMPERATURE  to  25b0  °F  (1404  °C). 

3.  HOLD  at  temperature  for  30-60  sec,  then  CAST. 
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VII.  ADJUSTING  AND  FINISHING— BAK-ON  SP 

A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  COLLECT  GRINDINGS  -  This  is  a  precious  alloy, and  its  grindings 

have  scrap  value.  Vacuum  your  clothing  and  work 
area. 


B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

U.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  the  same  materials  you  have  on  hand  to  finish 

precious  PFM  alloys;  i.e.,  uncontaminated  aluminum 
oxide  stones,  diamond  points,  etc. 

2.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stone  for  this 

particular  alloy  to  prevent  contamination  of  the  metal. 

3.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface  in 
one  direction, using  light  pressure. 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAII — BAK-OH  SP 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50_pm  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

In  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  settings  -  1200  °F  (649  °C) 

2.  HIGH  temperature  setting  -  1900  op  (1038  °C) 

3.  Rate  of  rise  -  80-90  op/min  (27-50  °C) 

4.  Atmosphere  -  FULL  VACUUM  TO  1900  °F  (1038  °C),  then  release  vacuum 

and  hold. 

5.  HOLD  time  at  HIGH  temperature  -  2  min  of  AIR  firing. 

6.  Appearance  of  the  oxide  layer: 

a.  A  properly  oxidized  layer  -  BLUE-GRAY  color 

b.  An  OVERoxldized  layer  -  GRAY-BLACK  color 
(refinish  and  reoxidize  25-50  °F  lower) 

c.  An  UNDERoxldized  layer  -  SILVER  color 
(reoxidize  25~50  °F  higher) 


C.  POST-OXIDATION  TREATMENT : 

1.  PICKLE  THE  CASTING  -  Place  the  oxidized  casting  in  a  190  °F  (88  °C) 

hydrochloric  acid  (HCl)  bath  for  15  min,  using  a  sealed 
glass  jar  (to  contain  fumes);  then  rinse  under  tap 
water.  This  process  removes  silver  oxides  and  reduces 
the  likelihood  of  porcelain  discoloration  ("greening"). 

(NOTE:  An  alternative  to  the  use  of  acids  is  simply  to  air-abrade  the 
casting  with  50-pm,  non-recycled  aluminum  oxide). 


2.  CLEANING 


Place  in  distilled  water  in  an  ultrasonic  unit  for  5  min; 
then  apply  the  opaque  porcelain. 
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IX.  PORCELAIN  COMPATIBILITY— BAK-ON  SP 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has 
been  provided  by  the  alloy  manufacturer  (X): 


DENTAL  PORCELAIN 

PORCELAIN 

COMPATIBILITY 

YES 

NO 

MARGINAL  UNKNOWN 

ARTIS-TECH  (Jeneric) 

X* 

BIOBOND  (Dentsply) 

X 

CERAMCO  (Johnson  &  Johnson) 

X 

CRYSTAR  (Unitek) 

X 

JELEHKO  (Jelenko) 

Low 

X 

X 

(BIOBOND)  SHADEMATE  (Dentsply) 

Reg- 

X 

VITA  (Vident) 

X 

WILL-CERAM  (Williams) 

X* 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  Since  this  alloy 

contains  silver,  certain  additional  precautionary  steps  are  recommended  to 
reduce  the  likelihood  of  porcelain  discoloration  and  furnace  contamination. 

1.  Use  of  Metal  Conditioners  -  Is  ADVISABLE,  but  OPTIONAL. 

2.  Use  of  Carbon  Pellets  -  Place  a  carbon  pellet  on  the  sagger  tray  each 
time  a  casting  is  fired  in  the  porcelain  furnace. 

3.  Purging  the  Porcelain  Furnace  -  If  silver-containing  alloys  are  used 
routinely,  it  is  advisable  to  purge  the  furnace  of  silver  contamination 
several  times  per  week.  Place  1  or  2  carbon  pellets  in  the  furnace 

at  1200  °F(b^9  °C),  draw  a  full  vacuum,  and  raise  the  temperature  to 
2200  °F  (1201  °c).  Leave  the  furnace  at  temperature  under  full  vacuum 
for  20-30  min. 

4. *  Non-Greening  Porcelains  -  Will-Ceram  and  Artis-Tech  porcelains  are 

reportedly  resistant  to  porcelain  discoloration  (greening),  when  used 
with  silver-containing  alloys.  Therefore,  acid  treatments  (pickling) 
and  metal  conditioners  are  not  require!  with  these  two  dental  porcelain 
systems . 

5.  Extend  the  first  application  of  opaque  over  the  metal  collar  area,  and 
do  not  remove  this  overextension  until  the  final  glaze.  This  procedure 
will  prevent  an  exposed  collar  from  yellowing  the  body  porcelain. 
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X.  PRE-SOLDERING  INSTRUCTIONS— BAK-ON  SP 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  BAK-ON  Yellow  Solder  (flows  at  2010  °F/1099  °C) 

2.  FLUX  -  BAK-ON  High  Temp  Flux 

3.  SOLDERING  INVESTMENT  -  Use  a  soldering  investment  and  NOT  a 
high-heat  phosphate-bonded  casting  investment. 

B.  SOLDERING  TECHNIQUE:  Use  the  Williams  Magic  Wand  torch  with  the  #248 

torch  tip  or  the  Harris  lo-S  torch  and  a  2N  tip. 

1.  Smooth  the  surfaces  which  are  to  be  joined  using  either  a  rubber 
wheel  or  fine  sandpaper  disc. 

2.  Create  a  GAP  DISTANCE  of  0.3  to  0.5  mm.  Clean  in  distilled  water. 

3.  Join  the  units  to  be  pre-soldered  with  quick  cure  acrylic  resin 
(Duralay)  or  sticky  wax. 

4.  Mix  the  soldering  investment  according  to  manufacturer's  instructions. 
Allow  to  set  for  30  minutes  then  trim  away  corners  and  sharp  angles; 
wash  with  boiling  water;  and  allow  to  dry  thoroughly. 

5.  Preheat  the  dried  investment  in  an  electric  furnace  at  room  temperature 
and  run  it  up  to  1800-1850  °F  (982-1010  °C).  At  temperature,  remove,  and 
place  on  a  soldering  block.  (Torch  and  Bunsen  burner  preheating  may  also 
be  used. ) 

6.  A  properly  preheated  investment  block  should  appear  lighter  in  color 
as  a  result  of  the  burnout  of  carbon.  Be  sure  no  carbon  Is  present. 

7.  Apply  flux  to  the  solder  joint  areas  to  control  oxidation. 

8.  Use  a  gas-oxygen  torch,  a  soldering  torch  tip,  and  5  psi  OXYGEN, 

9.  Adjust  the  inner  blue  cones  to  about  1/2-  to  3/ 4-in.  in  length. 

If  a  hissing  sound  occurs,  reduce  oxygen  flow  to  a  quiet  flame. 

10.  Heat  the  area  to  be  soldered  with  the  REDUCING  flame  which  begins 
about  1/2-in.  beyond  the  inner  blue  cones. 

11.  Play  the  soft  flame  over  the  invested  case  to  maintain  even  heat. 

12.  Move  the  end  of  the  solder  across  the  joint  with  a  wiping  motion,  until 
a  small  amount  of  solder  is  deposited. 

13.  Maintain  the  heat  while  the  flux  turns  dark;  continue  heating  until 
the  dark  effect  dissipates  and  the  solder  flows.  Do  NOT  attempt  to 
remelt  the  solder. 


14.  BENCH  COOL,  divest,  and  finish  with  non-contaminated  abrasives  . 
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XI.  POST-SOLDERING  INSTRUCTIONS — BAK-ON  SP 


RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  MASTERCAST  650  Solder  (flows  at  l4?0  °F/T99  °C); 

MASTERCAST  6l5  Solder  (flows  at  1400  °F/?60  °C);  or 
Regular  White  Low  Fusing  Solder  (flows  at  1325  °F/T18°C) 

2.  FLUX  -  BAK-ON  Low  Temperature  Flux 

3.  SOLDERING  INVESTMENT  -  Use  a  soldering  investment,  and  NOT  a  high- 
heat  phosphate-bonded  casting  investment. 

SOLDERING  TECHNIQUE:  Use  the  Williams  Magic  Wand  torch  with  the  #248 
torch  tip;  a  Harris  2N  torch  tip;  or  a  National  OX-1  or  OX -2  tip. 

1.  Lightly  gri*.d  all  surfaces  to  be  soldered  to  remove  any  oxides, 
polishing  agents  or  other  contaminants. 

2.  Create  a  GAP  DISTANCE  of  0.3  -  0.5  mm  between  the  units  to  be  joined. 

3.  Join  the  units  with  acrylic  resin  (Duralay)  or  sticky  wax.  It  is 
helpful  to  provide  the  dental  laboratory  with  a  soldering  index 
should  it  be  necessary  to  separate  the  units. 

4.  Invest  in  a  soldering  investment;  do  NOT  use  a  high  heat  casting 
Investment.  Use  wax  to  protect  the  porcelain. 

5.  Allow  the  investment  to  set  for  at  least  30  min. 

6.  Boil  out  the  stick  wax.  Remove  any  acrylic  resin  with  a  Robinson 
brush  and  isopropanol. 

T.  Dry  excess  water  and  lightly  apply  flux  to  the  joint  areas. 

8.  Preheat  the  investment  in  the  muffle  entrance  and  introduce  the  units 
into  a  porcelain  furnace  set  at  1000  °F  (538  °C)  over  a  5-min  period. 

9.  Raise  the  porcelain  oven  to  1550  °F  (843  °C)  at  the  rate  of  80-100  °F 
(27-38  °C)  per  min  for  MASTERCAST  White  Low  Fusing  Solder,  and  to 
1650  °F  (899  °C)  for  MASTERCAST  650  and  615. 

10.  Once  solder  has  flowed,  position  the  units  in  the  muffle  entrance  and 
begin  a  5-min  cool  down.  Allow  the  invested  units  to  cool  slowly;  do 
not  rush  the  cast  at  this  stage  to  avoid  porcelain  cracking. 

11.  Once  at  room  temperature,  remove  the  investment,  finish  and  polish 

the  metal. 
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JEL-5 


I.  GENERAL  INFORMATION 

ALLOY  TYPE:  "PRECIOUS"  ALLOY  SYSTEM:  Palladium-Silver 

ALLOY  CONTENT:  5^%  Palladium,  38 - 5^  Silver,  7.0%  Tin,  and  0.5%  Gallium 
MANUFACTURER : 
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J.F.  Jelenko  &  Company- 
99  Business  Park.  Drive 
Armonk,  New  York  10509 


TELEPHONE  CONTACTS: 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  I+31-1T85 

COMMERCIAL  PHONE  NUMBER: 
1-(91A)  273-8600 

REGIONAL  SALES  REPRESENTATIVES: 


Technical  Services  Dept.  Yes 

ALLOY  INTRODUCED  IN:  1981  F.D.A.  LISTED:  Yes 

A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  No 
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II.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Rectangle 

Ingot  weight  -  2  dwt  Ingots  per  ounce  -  10  per  oz 

Ingot  identification  -  "Jelenko  Alloy  packaging  -  1  oz 

Jel-5" 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  10.7  g/ cc 

Brinell  hardness  number  -  170 

Vickers  hardness  number  -  187 

Percentage  elongation  (in  1/2  in.)  -  25% 

Ultimate  tensile  strength  -  105,000  psi 

Yield  strength  (0.1%  offset)  -  67,000  psi 

Bond  strength  -  15,000  psi 

Coefficient  of  thermal  expansion  -  15.5  x  10~D  in/in/°C 
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MELTING  RANGE  -  2116-2341  °F 
(1158-1283  °C) 


CASTING  TEMPERATURE 


2a50  °F 
(1393  °C) 
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IV.  WAXING  AMD  SPRUING  3JSTRUCTIOIS— JEL-5 


MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.5  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.5  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 


1.  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  8-  or  10-GAUGE  sprues 

5  mm  long,  attached  to  the  thickest  part  of  the  wax 
pattern,  a  6-  or  8-GAUGE  runner  bar,  and  offset 
8-GAUGE  leads  connecting  the  sprue  former  to  the 
runner  bar  (Fig.  4-2). 


2.  MULTIPLE  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  8-  or  10-GAUGE 

sprues  5  mm  long,  attached  to  the  thickest  part  of 
the  wax  pattern,  a  6-  or  8-GAUGE  runner  bar,  and  off¬ 
set  8-GAUGE  leads  connecting  the  sprue  former  to  the 
runner  bar. 


3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  METHOD,  with  8-  or  10-GAUGE 

sprues  5  mm  long,  attached  to  the  thickest  part  of 
the  wax  pattern,  a  6-  or  8-GAUGE  runner  bar,  and  off¬ 
set  8-GAUGE  leads  connecting  the  sprue  former  to  the 
runner  bar. 

NOTE:  Adust  the  runner  bar  to  conform  to  the  contour  of  the  fixed 
partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it  at 
each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  4-2). 

4.  VENTING  -  Is  not  considered  necessary 


5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  stated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax,  and 
raise  the  patterns  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases  during  investment  burnout. 
Arrange  the  spruing  system  so  the  reservoir  portion  is 
in  the  HEAT  CENTER  of  the  casting  ring  with  the  wax 
patterns  in  a  COLD  ZONE  (Fig.  4-2). 
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INVESTMENT  AND  BURNOUT  TECHNIQUE— JEL- 5 


RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  The  following  proportions  of  special 
liquid  and  distilled  water  are  recommended  starting  points. 

NON-CARBON  TYPE:  SFECIAL  LIQUID  DISTILLED  WATER 

a.  Vestra-fine  (Unitek)  -  y.O  cc  6.5  ce 

b.  Hi-Temp  (Whip-Mix)  -  4.5  cc  4.5  cc 

c.  Hi-Span  (Jelenko)  -  Not  tested  with  this  alloy. 

(Suggested  by  alloy  manufacturer) 

CARBON-TYPE:  Not  tested 

NOTE:  A  carbon-containing  investment  may  be  used  with  this  alloy, 
but  all  carbon  must  be  eliminated  during  burnout. 

2.  GYPSUM-BONDED  INVESTMENTS:  NOT  suitable  for  this  alloy. 


RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT  rather  than  hygroscopic 


MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  NOBESTOS  (jelenko) 

You  may  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix)  or 
similar  material.  Place  the  ring  liner  flush  with  the  top  of  the 
casting  ring,  but  leave  at  least  a  1/8-in.  clearance  at  the  bottom  of 
the  ring.  The  1/8-in.  clearance  will  help  lock  the  investment  In  the 
ring  when  it  expands  (Fig.  4-2).  If  additional  expansion  is  needed, 
use  two  layers  of  asbestos  substitute  and/or  more  special  liquid  and 
less  distilled  water. 


BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  cold  oven  and  raise  to  a 
temperature  of  1400  °F  (ToO  °c)  at  the  rate  of  2S-30  °F/min,  then 
HEAT  SOAK  as  follows: 

a.  Single  ring  -  1  hr 

b.  Three  units  In  a  single  ring  -  1  nr 

1  hr,  20  min;  add  10  min  for  each 
additional  ring. 


c.  Multiple  units,  2-3  rings 
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VI.  MELTIBG  AID  CASTING  INSTRUCTIONS — JEL-5 


A.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  A  THERMATROL  2500  WITH  CARBON  CRUCIBLES): 

a.  Manufacturer's  Preferred  Casting  Equipment  -  Torch/ centrifuge  or 

Procaster 

b.  Alternative  Systems  Include  -  Centrifuge. 

2.  CASTING  TORCH  -  Harris  l6-S  with  #1390  H  multi-orifice  tip. 

3.  CASTING  CRUCIBLES  -  Alumina  or  quartz;  DO  NOT  USE  CLAY  OR  CARBON  TYPE. 


B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  TO  RECAST  METAL  -  50/502  by  weight  or  NEW  metal 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/502  by  weight. 


C.  MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred,  NATURAL  GAS  adequate): 

1.  OXYGEN-GAS  RATIO  -  10  psi  OXYGEN  to  natural  gas,  or  10  psi  PROPANE. 

2.  SETTING  CASTING  MACHINE  -  Add  one  additional  turn  to  casting  machine 

to  compensate  for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  Adjust  torch  to  produce  inner  blue  cones  1/4  in. 

in  length  for  the  multi-orifice  torch  tip. 

4.  APPEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  crucible,  and 

keep  the  torch  moving  in  a  rotating  motion  to  heat 
all  the  metal  evenly.  The  individual  ingots  or  the 
buttons  will  pool  together  like  high-gold  content 
alloys. 

5.  CASTING  FLUX  -  Not  necessary. 

6.  WHEN  TO  CAST  -  When  the  cloudiness  disappears  (oxide  layer)  and  the 

alloys  clears,  it  is  READY  to  CAST. 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL;  DO  NOT  QUENCH;  DO  NOT  PICKLE. 


D.  INDUCTION  CASTING  (Start  with  a  preheated  crucible): 


1.  Set  ARM  SPEED  to  3-4. 

2.  Set  POWER  to  3-4. 

*  At  close  of  text. 


Jelenko  Procaster 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN— JEL~5 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 


1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-jnm  non-recycled ,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1200  °F  (6^9  °C) 

2.  HIGH  temperature  setting  -  1900  of  (1038  °C) 

3.  Rate  of  rise  -  90-100  °F  (50-55  °C)/min 
h.  Atmosphere  -  Air  (NO  VACUUM) 

5.  HOLD  time  at  HIGH  temperature  -  None 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  GRAY  color,  rough  surface 

b.  An  OVERoxldlzed  layer  -  DARK  GRAY  to  BLACK  color 

c.  An  UNDERoxldlzed  layer  -  LIGHT  GRAY,  smooth  surface. 
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C.  POST-OXIDATION  TREATMENT:  To  minimize  the  potential  for  discoloration  of 
dental  porcelain,  this  alloy  does  not  necessarily  have  to  be  oxidized. 

1.  APPLY  A  METAL  CONDITIONER  -  Place  a  metal  conditioner. such  as  Jelenk.o's 

Color  Prep,  on  all  porcelain-bearing  surfaces  if  the 
casting  is  not  oxidized  (optional). 

2.  RETAIN  THE  OXIDE  LAYER  -  You  may  apply  opaque  porcelain  directly  over 

the  oxide  layer  for  those  porcelains  resistant  to 
discoloration  by  silver  (Wlll-Ceram  and  Artis-Tech). 
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IX.  PORCELAIN  COMPATIBILITY— JEL- 5 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has 
been  provided  by  the  alloy  manufacturer  (X)  or  represents  the  opinions 
of  the  author  (0)  for  single  unit  castings.* 


DENTAL  PORCELAIN 

PORCELAIN  COMPATIBILITY 

YES 

NO  MARGINAL  UNKNOWN 

ARTIS-TECH  (Jenerlc)  - 

0 

X 

BIOBOND  (Dentsply)  - 

X 

CERAMCO  (Johnson  &  Johnson) 

X 

CRYSTAR  (Unitek)  - 

X 

JELENKO  (Jelenko) 

Low- 

X 

(BIOBOND)  SHADEMATE  (Dentsply) 

Reg-  X 

VITA  (Vident)  - 

X 

WILL-CERAM  (Williams)  - 

X*,0 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES: 

*1.  This  alloy,  like  the  general  group  of  silver-containing  metals,  has 
the  potential  to  discolor  certain  dental  porcelains.  However,  both 
Will-Ceram  and  Artis-Tech  porcelain  are  reportedly  resistant  to  this 
discoloration  problem.  Refer  to  Section  2  for  more  information. 


C.  SPECIAL  HANDLING  INSTRUCTIONS: 

].  It  is  advisable  to  place  a  carbon  pellet  on  the  sagger  tray  whenever 
firing  a  silver-containing  alloy. 

2.  Porcelain  furnaces  should  be  purged  regularly  (3  times/week),  if  silver 
containing  alloys  are  used  regularly.  More  frequent  purges  should  be 
performed  if  Jel-R  is  used  exclusively. 
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X.  PRE-SOLDERING  INSTRUCTIONS— JEL-5 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Jelstar  Presolder  (flows  between  2030  and  20b0  °F / 

1110  and  1127  °C) 


2.  FLUX 


Is  NOT  recommended.  Flux  may  contaminate  the  porcelain. 


3.  INVESTMENT  -  Use  any  conventional  soldering  investment  or  a  high-heat 
phosphate-bonded  casting  investment  with  distilled  water. 
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B.  PRE-SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  Torch  (Williams)  with  its 

#248  tip,  or  the  HARRIS  torch  with  a  2N  tip  for  precise  heating. 

1.  Grind,  with  aluminum  oxide  stones,  all  surfaces  to  be  soldered.  This 
process  will  remove  any  oxides  or  contaminants  which  might  impede 
pre-soldering . 

2.  Create  a  GAP  DISTANCE  of  approximately  0.5  mm. 

3.  Mix  investment  so  it  is  thick;  turn  fixed  partial  denture  upside  down; 
fill  the  inside  of  the  casting  with  the  mix;  add  a  little  extra  on  top; 
and  Invert  onto  a  patty  of  investment.  Do  not  let  it  settle.  Keep  the 
Investment  patty  as  small  and  as  thin  as  possible. 

4.  Trim  the  investment  patty  and  form  a  "V"  groove  underneath  each  joint. 

5.  Allow  the  Investment  to  reach  final  set;  then  boil  out  the  wax;  and 
preheat  the  assembly  to  1050  °F  (566  °C)  for  about  20  min.  If  acrylic 
resin  (Duralay)  is  used,  be  sure  to  remove  all  traces  of  the  resin 
before  Initiating  the  solder  process. 

6.  Use  10  psi  OXYGEN  and  1/4  psi  NATURAL  GAS  (or  10  psi  PROPANE).  Adjust 
the  inner  blue  cone(s)  until  a  feathered  edge  Is  produced  at  each  tip. 

7.  Place  the  invested  units  on  a  soldering  block  so  the  length  of  the 
assembly  is  perpendicular  to  your  body.  In  other  words,  the  lingual 
side  of  the  units  is  to  your  right  and  the  facial  to  your  left, 

8.  Begin  soldering. 
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XI.  POST-SOLDERING  INSTRUCTIONS — JEL- 5 

RECOMMENDED  MATERIALS:  It  is  presupposed  that  the  PFM  units  have 
been  glazed  and  polished,  and  Che  metal  substructures  have  been  designed 
appropriately  for  the  post-soldering  procedure. 

1.  SOLDER  -  Jelstar  Post-Solder  (flows  between  1310  and  1370  °Vi 

710  and  7** 3  °C) . 


2.  FLUX  -  Use  of  flux  is  optional. 

3.  INVESTMENT  -  Same  as  pre-soldering  technique. 


POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  step.  It  is 

especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred  to 

as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Grind  joint  surfaces  with  a  fine  vitrified  aluminum  oxide  stone. 

2.  Create  a  GAP  DISTANCE  of  0.5  mm. 

3.  Place  units  on  the  master  cast  and  seal  the  joint(s)  with  sticky  wax. 

4.  Once  the  sticky  wax  has  cooled,  remove  the  work  from  the  master  cast., 
and  cover  all  the  porcelain  to  be  embedded  in  the  investment  with  white 
wax.  This  step  will  prevent  discoloration  of  the  glazed  porcelain 

5.  Invest  the  castings  in  a  soldering  investment  (or  equivalent),  and  allow 
the  mix  to  set. 

6.  Trim  the  patty  to  remove  sharp  corners  and  to  increase  access  to  the 
joint  area( s ) . 

7.  Remove  all  the  wax  with  boiling  water. 

8.  Shape  the  Jelstar  Post-Solder  to  fit  the  joint  area(s)  in  such  a.  fashion 
that  it  fills  the  joint(s). 

9.  Dry  the  invested  work  thoroughly,  and  slowly  introduce  it  into  a  por¬ 
celain  furnace  set  at  1000  °F  (540  °C);  then  heat  soak  it  for  several 
minutes . 

10.  A  full  vacuum  may  be  drawn  to  reduce  oxiie  build-up. 

11.  Raise  the  temperature  to  1^70  °F  (7oC  °-Z) ,  at  the  rate  of  75  °F/min 
(24  °C/ min).  The  solder  should  flow  acccrii.ngly. 

12.  Remove  the  work,  allow  it  to  cool,  and  re  relish  the  metal. 


■SECTIOH  8:  ATTACHMEHT  3— 


PORS-OH 

I.  GENERAL  IHFORMATIOH 

ALLOY  TYPE:  "PRECIOUS"  ALLOY  SYSTEM:  Palladium-Silver 

ALLOY  CONTENT:  58#  Palladium,  30#  Silver,  with  12#  Tin,  Indium,  and  Zinc 
(exact  formulation  is  proprietary  information) 

MANUFACTURER : 

Degussa  Dental  Inc. 

21-25  44th  Avenue 
Long  Island  City,  New  York;  11101 

TELEPHONE  CONTACTS: 

Laboratory  -  Susan  Denton,  ext.  43 
Research  -  Dr.  Manohar  Lai  Malhotra 

ALLOY  INTRODUCED  IN:  1975  F.D.A.  LISTED:  Yes 

A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  No 

II.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Rectangle 

Ingot  weight  -  2  dwt  Ingots  per  ounce  -  10  per  oz 

Ingot  identification  -  "Pors-On  White"  Alloy  packaging  -  1  oz  only 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  221-0168,  ext.  43  or  46 

COMMERCIAL  PHONE  NUMBER: 

1-(212)  392-7272 

REGIONAL  SALES  REPRESENTATIVES: 

No;  Call  for  assistance 


III.  PHYSICAL  AID  MECHAKICAL  PROPERTIES 

Specific  gravity  (density)  -  11.0  g/ cc 

Brinell  hardness  number  -  220 

Vickers  hardness  number  -  240 

Percentage  elongation  (in  1/2  in.)  -  15# 

Ultimate  tensile  strength  -  96,000  psi 

Yield  strength  (0.2#  offset)  -  Not  specified 
Proportional  limit  -  69,000  psi 

Bond  strength  -  No  value  available 

Coefficient  of  thermal  expansion  -  (15.0  +  0.3)  X10“6  in/in/°C  . 


MELTING  RANGE  -  2261-2318  °F 
(1^:38-1270  °c) 


CASTING  TEMPERATURE  -  2500  °F 

(1371  °C) 


— SECTION  8:  ATTACHMENT  3 


IV.  WAXIBG  AHD  SPRUIIG  IHSTRUCTIOIS— PORS-OB 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.3  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.5  mm. 


B.  RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  either  the  DIRECT  or  INDIRECT  METHOD  (Figs,  k-1 

and  k-2 ) . 

a.  DIRECT  METHOD:  Attach  8-  or  6-GAUGE  sprues,  10-15  mm  in  length, 

directly  to  the  thickest  portion  of  the  wax  pattern. 

b.  INDIRECT  METHOD:  Refer  to  Section  2  (next). 

2.  MULTIPLE  SINGLE  UNITS  -  Use  the  INDIRECT  METHOD,  with  5"T  mm,  8-  or 

6-GAUGE  sprues,  attached  to  the  wax  patterns.  Join 
these  sprues  to  a  6-GAUGE  (1*  mm  diameter)  runner  bar, 
which  extends  just  beyond  the  width  of  the  patterns 
at  each  end.  Use  8-  or  6-GAUGE  sprue  leads  offset 
from  the  runner  bar  to  the  crucible  former  cone. 

3.  FIXED  PARTIAL  DENTURES  -  Use  the  INDIRECT  METHOD,  with  5~T  mm,  8-  or 

6-GAUGE  sprues,  attached  to  the  thickest  portion  of 
each  wax  pattern.  Join  these  sprues  to  a  6-GAUGE 
runner  bar  which  extends  just  beyond  the  width  of  each 
end  pattern.  Use  several  offset  6-  or  8-  GAUGE  sprue 
leads  from  the  runner  bar  to  the  crucible  former  cone. 

NOTE :  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  k-2). 

A.  VENTING  -  Attach  18-GAUGE  wire  wax  to  the  interproximal  areas  to 

serve  as  chill  vents. 


5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax,  and 
raise  the  pattern  to  within  1/A  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases.  Design  the  spruing  system  so 
any  reservoir  is  in  the  HEAT  CENTER  of  the  casting 
ring,  with  the  wax  patterns  in  a  COLD  ZONE  (Fig.  k-2). 
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V.  INVESTMENT  AID  BUR10UT  TECHNIQUE — PORS-Ol 

A.  RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  Use  either  a  NON-CARBON  investment 
(white  color),  or  a  CARBON-containing  investment. 


NON-CARBON  TYPE: 

SPECIAL  LIQUID 

DISTILLED  WATER 

Vestra-fine  (Unitek)  - 

10.0  cc 

5.5  cc 

CARBON  TYPE: 

Deguvest  HFG  (Degussa)  - 

7.0  cc 

2.0  cc 

2.  GYPSUM-BONDED  INVESTMENTS:  NOT  suitable  for  this  alloy. 

B.  RECOMMENDED  METHOD  OF  INVESTMENT :  HIGH-HEAT  rather  than  hygroscopic. 


C.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Degussa  Asbestos  Free 

Ring  Liner.  Use  WET. 

You  may  also  use  one  WET  layer  of  NON-ASBESTOS  LINER  (Whip-Mix). 


D.  BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  cold  oven  and  raise  to  a 
temperature  of  600  °F  (316  °C)  until  all  wax  has  been  eliminated,  then 
raise  a  temperature  of  1560  °F  (849  °C)  and  HEAT  SOAK  as  follows: 


a.  Ring  Size  Wax  Elimination  Time 


Heat  Soaking  Time 


lx  Ring 
3x  Ring 
6x  Ring 
9x  Ring 


30  min 
1+0  min 
50  min 
60  min 


35  min 
45  min 
60  min 
60  min 


b.  Three  units  in  a  single  ring  -  40  min  for  3x  rings 

c.  Multiple  units,  2-3  rings  -  60  min  for  9x  rings 


NOTE:  A  longer  soaking  time,  and/or  burnout  temperature,  may  be  required 
to  ensure  complete  carbon  elimination  when  using  plastic  sprues. 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— PORS-ON 


A.  CASTING  EQUIPMENT: 


1.  CASTING  MACHINE  (You  may  use  a  THERMATROL  2500  with  CARBON  crucibles): 

a.  Manufacturer's  preferred  casting  equipment  -  Not  specified. 

b.  Alternative  systems  include  -  Broken-arm  casting  machine,  centrifuge. 

2.  CASTING  TORCH  -  Harris  16-S  with  a  0139OH  multi-orifice  tip. 

3.  CASTING  CRUCIBLES  -  Use  either  a  quartz  or  alumina  crucible. 

DO  NOT  USE  a  clay  crucible. 


B.  QUANTITY  OF  ALLOY  NEEDED: 


1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50%  by  weight. 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50%  by  weight. 

C.  MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred,  NATURAL  GAS  adequate): 

1.  OXYGEN-GAS  RATIO  -  10  psi  OXYGEN  or  5  psi  PROPANE  (for  natural 

gas,  open  valve  all  the  way), 

2.  SETTING  CASTING  MACHINE  -  Aid  one  turn  to  casting  machine  to  compen¬ 

sate  for  the  lower  density  of  the  alloy. 

3.  FLAME  ADJUSTMENT  -  Set  inner  blue  cones  to  a  length  of  1/2  in.  or  less. 

4.  APPEARANCE  OF  THE  MELT  -  Alloy  will  melt  rapidly,  and  the  ingots  will 

pool,  like  gold-base  PFM  alloys. 

5.  CASTING  FLUX  -  Not  specified. 

6.  WHEN  TO  CAST  -  When  a  brilliant,  clean  surface  appears. 

T.  RECOVERY  OF  CASTING  -  BENCH  COOL  to  room  temperature. 

8.  DO  NOT  PICKLE. 


*  At  close  of  text. 
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VII.  ADJUSTING  AND  FINISHING — PORS-OH 


A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  COLLECT  GRINDINGS  -  This  is  a  precious  alloy  and  its  grindings  have 

scrap  value.  Vacuum  jour  clothing  and  work  area. 
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B.  FITTING  THE  CASTING: 


1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

U.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  the  same  materials  you  have  on  hand  to  finish 

precious  PFM  alloys;  l.e.,  uncontaminated  aluminum 
oxide  stones,  diamond  points,  etc. 

2.  AVOID  ME1AL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for  this 

particular  alloy  to  prevent  contamination  of  the  metal. 

3.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface  in 
one  direction,  using  light  pressure. 
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—SECTION  8:  ATTACHMENT  3— 


VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN— PORS-ON 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts 
and  metal  collars )  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-^tim  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  ten£>erature  setting  -  1200  °F  (649  °C) 

2.  HIGH  temperature  setting  -  1900  °F  (1038  °C) 

3.  Rate  of  rise  -  Not  specified. 

4.  Atmosphere  -  Air  (NO  VACUUM) 

5.  HOLD  time  at  HIGH  temperature  -  0 

6.  Appearance  of  the  oxide  layer:  No  visible  thick  oxide  will  appear. 

a.  A  properly  oxidized  layer  -  LIGHT  GRAY  color 

b.  An  OVERox id 1 zed  layer  -  Can  not  be  recognized 

c.  An  UNDERoxidized  layer  -  Can  not  be  recognized. 


C.  POST-OXIDATION  TREATMENT :  Procedure  01  is  applicable  to  all  compatible 
dental  porcelains,  while  procedure  #2  should  be  limited  to  the  processing 
of  Will-Ceram  and  Artis-Tech  porcelain. 

1.  RHI0VE  THE  SILVER  OXIDE  -  Pickle  in  preheated  (150-200  °F/ 66-93  °C) 

hydrochloric  acid  (35$)  for  15  min;  use  a  metal 
conditioner  according  to  supplier's  instructions, 
and  lightly  blast  with  nonrecycled  aluminous  oxide. 

2.  RETAIN  THE  OXIDE  LAYER  -  Do  not  air-abrade  the  casting  or  otherwise 

attempt  to  remove/ reduce  the  oxide  layer.  Apply 
opaque  porcelain  DIRECTLY  to  the  oxidized  casting. 
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rx.  PORCELAIN  COMPATIBILITY— PORS-ON 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has  been 
provided  by  the  alloy  manufacturer  (x)i 


PORCELAIN  COMPATIBILITY 


YES 

X* 

X 

X 

X 

X 


NO 


MARGINAL 


UNKNOWN 


DENTAL  PORCELAIN 

1.  ARTIS-TBCH  (Jeneric) 

2.  BI0B01D  (Dentsply) 

3.  CERAMCO  (Johnson  &  Johnson) 

4.  CRYSTAR  ( Unite* ) 

5.  JELKHKO  (Jeienko) 

Low  -  X 

6.  (BIOBOND)  SHAD8MATK  (Dentsply)  Reg-  X 

7.  VITA  (Vident)  X 

8.  WILL-CERAM  (Williams)  X* 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  Since  this  alloy 
contains  silver,  certain  additional  precautionary  steps  are  recommended 
to  minimize  any  porcelain  discoloration  and  furnace  contamination. 

1.  Pickling  -  Place  castings  In  hydrochloric  acid  (HCl)  pre-heated  to  a 
temperature  of  190  °F  (38  °C)  for  approximately  15  min.  Remove  from 
the  acid  bath  and  rinse  under  tap  water  for  2  min,  followed  by  a  5~min 
soaking  in  distilled  water  in  an  ultrasonic  cleaner. 

2.  Use  of  metal  conditioners  -  A  metal  conditioner  (such  as  Aaerer  Ceramic 
Alloy  conditioner)  is  ADVISABLE,  except  when  using  either  Wlll-Ceram 
or  Artis-Tech  porcelain. 

3.  Use  of  carbon  pellets  -  Place  a  carbon  pellet  on  the  sagger  tray  each 
time  a  casting  is  fired  in  the  porcelain  furnace. 

4.  Purging  the  porcelain  furnace  -  If  silver-containing  alloys  are  used 
routinely,  it  is  advisable  to  purge  the  furnace  of  silver  contamination 
several  times  per  veex.  Place  1  cr  2  carbon  pellets  in  a  1200  °F 
(649  °C)  furnace,  iraw  a  furl  vacuum,  raise  the  temperature  to  2200  °F 


(1204 


and  ho  i 


at  temperature  under  full  vacuum  for  20-30  min. 


*5.  Non-greening  porcelains  -  Only  Wlll-Ceram  and  Artis-Tech  porcelains 
are  reportedly  free  of  porcelain  discoloration  (greening),  when  used 
with  sliver-containing  alloys.  Picxling  and  metal  conditioners  are 
reportedly  unnecessary  with  these  two  porcelain  systems. 
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— SECTION  8:  ATTACHMENT  3 


X.  PRE-SOLDERING  INSTRUCTIONS — PORS-ON 


RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  ?ors-On  HE  Solder  or  Ceramco  White  Solder  (both  flow 

at  approximately  2075  °F  or  1135  °C) 

Or  use  Deguaent  U1  Solder  (2048  °F  or  1120  °C) 

2.  FLUX  -  Use  Degussa  Anoxsan  flux. 

3.  INVESTMENT  -  A  soldering  investment  (such  as  Deguvest  L)  is  the  IDEAL 
material  to  use,  but  a  casting  investment  with  all  distilled  water  may 
be  substituted. 


SOLDERING  TECHNIQUE :  For  precise  heating,  use  the  Magic  Wand  torch 
(Williams)  with  a  #248  tip,  the  Harris  lb-S  torch  and  a  2N  tip,  or  the 
Degussa  Gas/ Oxygen  torch  with  tt2  tip. 

1.  Propane-oxygen  is  the  preferred  heat  source,  although  natural  gas- 
oxygen  is  an  acceptable  alternative. 

2.  Be  certain  the  surfaces  to  be  soldered  are  large  enough  to  provide 
adequate  strength  to  the  joint. 

3.  Prepare  a  uniform  GAP  DISTANCE  of  no  more  than  0.05-C.l  mm. 

4.  The  surfaces  to  be  soldered  must  have  a  rough  finish  and  be  clean. 

5.  Invest  the  units  to  be  soldered  in  a  soldering  investment. 

6.  Trim  the  investment  patty  to  a  uniform  but  stable  thickness, 

7.  .After  boiling  the  sticky  wax  out  of  the  joint(s),  clean  the  joint 
area(s),  and  apply  Degussa  Anoxan  Flux.  This  procedure  will  prevent 
the  build-up  of  oxides  which  might  interfere  with  the  soldering  process 

3.  Preheat  the  Investment  block  in  an  electric  furnace  at  1150  °F  ^621  °C ; 

9.  Use  5  psi  OXYGEN  with  NATURAL  GAS  or  PROPANE. 

10.  Heat  the  solder  connections; s }  until  they  reach  the  working  temper a tur 
of  the  solder. 

11.  Once  soldering  is  complete,  alloy  the  Investment  block  to  cool  slow'./ 
to  room  temperature  before  divesting. 

12.  Irind  the  Joint(s)  with  uncontaminated  stones;  air-abrade;  and  clean 
in  an  ultrasonic  unit  to  remove  all  traces  of  flux  and  investments. 

12.  Remove  the  cleaned  castings,  and  proceed  with  the  OXIDATION  process. 
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XI.  POST-SOLDERING  INSTRUCTIONS— PORS-ON 


RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Regular  White  Solder  (working  temperature  1360  °F/738  °C) 

2.  FLUX  -  Degussa  T-Flux  (DO  NOT  APPLY  FLUX  TO  THE  PORCELAIN) 

3.  INVESTMENT  -  A  soldering  investment  (such  as  DEGUVEST  L)  is  the  IDEAL 
material,  but  a  casting  investment  with  distilled  water  may  be  used. 


SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  with  a  view  port  to  monitor 

the  soldering  process. 

1.  Prepare  a  uniform  GAP  DISTANCE  of  no  more  than  0.05-0.1  mm. 

2.  Position  the  units  to  be  Joined  on  a  cast,  and  join  them  with  sticky 
wax.  Alternatively,  the  units  may  be  united  with  the  resin  directly 
in  the  mouth  with  an  index  for  reassembly,  if  necessary. 

3.  The  surfaces  to  be  soldered  should  be  rough  finished  and  clean. 

4.  Cover  all  the  porcelain  surfaces  with  wax,  to  prevent  direct  contact 
with  the  soldering  investment,  and  possible  porcelain  discoloration. 

5.  Invest  and  trim  the  investment  block  to  a  minimum  but  stable  thickness 

6.  Boil  out  the  sticky  wax,  and  coat  the  joints  to  be  soldered  with  T-Flux 
DO  NOT  APPLY  THE  FLUX  TO  THE  PORCELAIN. 

7.  Carefully  melt  the  solder  strip  over  a  Bunsen  burner  until  a  small  ball 
is  formed.  Cut  the  ball  off  the  strip,  thus  leaving  a  small  tail. 

8.  Use  the  tail  to  seat  each  solder  piece  in  the  soldering  investment. 
Apply  T-Flux  to  each  solder  ball. 

9.  Preheat  the  assembly  in  front  of  the  furnace  muffle  for  10-15  min. 

10.  Set  the  furnace  maximum  temperature  to  the  solder  working  temperature. 

11.  Slowly  insert  the  invested  castings  into  the  muffle  to  permit  uniform 
heat  absorption. 

12.  Leave  the  unit  iri  the  furnace  for  2-3  min,  depending  on  the  size  of 
the  soldering  work.  If  necessary,  the  temperature  may  be  increased  in 
10  °F  increments  until  the  solder  flows. 

13.  Carefully  remove  the  work  and  inspect  the  solder  joints.  Allow  the 
metal  to  cool  uniformly  before  divesting  and  repolishing. 
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WILL-CERAM  VJ-1 


I.  GENERAL  INFORMATION 

ALLOY  TYPE:  "PRECIOUS"  ALLOY  SYSTEM:  Palladium-Silver 

ALLOY  CONTENT:  53.5%  Palladium,  37-5%  Silver,  8.5%  Tin,  and  0.5%  of 
unspecified  grain  refiners  and  deoxidizers 


MANUFACTURER : 

Williams  Gold  Refining  Co. 
2978  Main  Street 
Buffalo,  New  York  14214 


TELEPHONE  CONTACTS: 

Education  Department 
l-(800)  828-1538 


TOLL-FREE  PHONE  NUMBER: 
l-( 800 )  828-1003 

l-(800)  462-7688  (in  New  York  State) 
l-(800)  852-7066  (in  California) 
l-(800)  82U-7925  (west  of  the 

Rocky  Mountains) 

COMMERCIAL  PHONE  NUMBER: 

1-(716)  837-1000 

REGIONAL  SALES  REPRESENTATIVES: 

Yes 


ALLOY  INTRODUCED  IN:  1975 


F.D.A.  LISTED:  Yes 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  "ACCEPTABLE"  (1980) 


II.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Rectangle 

Ingot  weight  -  2  dwt  Ingots  per  ounce  -  10  per  oz 

Ingot  Identification  -  "Williams  W-l"  Alloy  Packaging-  1-  and  5~oz 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  11.06  g/ cc 

Brinell  hardness  number  -  Not  determined 

Vickers  hardness  number  -  242  (after  porcelain  application) 

Percentage  elongation  (in  1  in.)  -  11% 

Ultimate  tensile  strength  -  94,100  psi  (after  porcelain  application) 

Yield  strength  (0.1%  offset)  -  68,100  psi  (after  porcelain  application) 

Bond  strength  -  No  value  available 

Coefficient  of  thermal  expansion  -  15.20  X  10~6/°C  from  600-20  °C 


MELTING  RANGE  -  21&5-2320  °F 
(1185-1271  °C) 


CASTING  TEMPERATURE  -  2420  °F 

(1327  °C) 
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IV.  WAXING  AID  SPRUIBG  INSTRUCTIOHS — WILL-CERAM  W-l 


MINIMUM  RECOMMENDED  WAX  THICKNESS: 


1.  SINGLE  UNITS  -  0.3  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.5  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 


1.  SINGLE  UNITS  -  Use  an  INDIRECT  spruing  technique,  with  8-GAUGE 

connector  sprues,  2-3  ran  in  length,  to  each  pattern; 
and  attach  them  to  a  6-GAUGE  runner  bar  (distribution 
channel).  Attach  the  runner  bar  to  the  sprue  former 
with  two  offset  6-GAUGE  lead  sprues  (Fig.  4-2). 

2.  MULTIPLE  SINGLE  UNITS  -  Use  an  INDIRECT  spruing  technique,  with  8-GAUGE 

connector  sprues,  2-3  mm  in  length,  to  each  pattern; 
and  attach  them  to  a  6-GAUGE  runner  bar  (distribution 
channel).  Attach  the  runner  bar  to  the  sprue  former 
with  two  offset  6-GAUCE  lead  sprues  (Fig.  4-2). 


FIXED  PARTIAL  DENTURES  -  Use  an  INDIRECT  spruing  technique,  with  8-GAUGE 
connector  sprues,  2-3  ram  in  length,  to  each  wax  pattern. 
Attach  them  to  a  6-GAUGE  runner  bar  (distribution 
channel)  which  extends  slightly  beyond  the  ends  of  the 
patterns . 

NOTE:  Adjust  the  connector  or  runner  bar  to  conform  to  the  contour  of 
the  fixed  partial  denture;  cut  the  bar;  and  rewax  it  to  eliminate  wax 
memory.  Design  any  INDIRECT  spruing  system  so  the  runner  bar  is  in  the 
heat  center  of  the  casting  ring  (Fig.  4-2). 


4.  VENTING  - 


You  may  include  a  blind  vent,  attached  to  the  thickest  por¬ 
tion  of  each  wax  pattern,  to  help  cool  the  restoration 
first.  However,  this  step  is  not  required. 


5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax  and 
raise  the  pattern  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  facilitates  casting  soldif ication 
and  the  escape  of  gases  (Fig.  4-2). 
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A.  RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  A  NON-CARBON-containing  investment  (white 
color)  is  preferred.  Increase  burnout  time  if  a  CARBON-containing  in¬ 
vestment  (black  color)  is  used. 


NON-CARBON  TYPE: 


Vestra-fine  (Unitek) 


SPECIAL  LIQUID 


10.0  cc 


DISTILLED  WATER 


5.5  cc 


CARBON  TYPE:  Not  used  with  this  alloy. 


2.  GYPSUM-BONDED  INVESTMENTS:  Not  recommended  for  this  alloy. 


B.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT 


C.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Unspecified. 

We  prefer  to  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix), 
rather  than  ASBESTOS  FREE  LINER  (Degussa),  NOBESTOS  (Jelenko),  or 
KAOLINER  (Dentsply).  Place  the  liner  flush  with  the  top  of  the  casting 
ring,  with  at  least  1/8-in.  clearance  at  the  bottom  of  the  ring.  The 
1/8-in.  clearance  will  lock  the  investment  in  the  ring  when  the  investment 
expands . 


D.  BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  COLD  oven;  raise  temperature 
to  1500  °F  (8l6  °C)  at  the  rate  of  25  °F/min;  and  HEAT  SOAK  as  follows: 

a.  Single  units  -  1  hr 

b.  Three  units  in  a  single  ring  -  1  hr 

c.  Multiple  units,  2-3  rings  -  1  hr  and  20  min  (add  10  min  for  each 

additional  ring! 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— WILL-CERAM  W-l 


.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  THERMATROL  2500  WITH  CARBON  CRUCIBLE): 

a.  Manufacturer’s  recommendation  -  Williams  Inductocast  Machine 

b.  Alternative  systems  include  -  Centrifuge 

2.  CASTING  TORCH  -  Harris  l6-S  with  a  #1390  H  multi-orifice  tip. 

(Williams  recommends  their  MAGIC  WAND  Torch.) 

3.  CASTING  CRUCIBLES  -  Quartz  or  alumina.  Do  NOT  use  clay. 

.  QUANTITY  OP  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).  * 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50#  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  33/67#  by  weight. 


.  MELTING  AND  CASTING  TECHNIQUE: 

1.  OXYGEN-GAS  RATIO  -  Use  10  psl  OXYGEN  and  5  psi  natural  GAS. 

2.  SETTING  CASTING  MACHINE  -  Add  1  extra  turn  for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  The  multiple  light  blue  inner  cones  should  be  set  to 

1/8-  to  1/2-in.  lengths  with  a  maximum  flame  length  of 
8-  to  10-in.  (Fig.  4-12  ).  Hold  the  torch  tip  2-in. 
above  the  metal  with  the  flame  perpendicular  to  the 
alloy.  Guide  the  flame  in  a  slight  circular  motion, 
with  the  alloy  in  the  REDUCING  ZONE  of  the  flame. 

4.  APPEARANCE  OF  THE  MELT  -  The  alloy  will  melt  readily,  "pool," 

and  then  "clear,"  like  gold-based  ceramic  alloys. 

5.  CASTING  FLUX  -  Do  NOT  use  casting  flux  or  attempt  to  remove  oxides. 

6.  WHEN  TO  CAST  -  When  the  molten  alloy  "clears"  and  "spins." 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL;  DO  NOT  QUENCH;  DO  NOT  PICKLE. 


.  INDUCTION  CASTING: 

1.  Set  speed  between  400  and  500  RPM. 

2.  Set  temperature  to  2420  °F  (1327  °C). 

3.  CAST  at  temperature. 


*  At  close  of  text. 
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v  1  i  .  ADJUSTING  AND  FINISHING— WILL-CERAM  W-l 

HFMOV  I  N'.’i  tup  'I  ’1(111-. : 

1.  SKPAHATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  UHJ  NDI  NO; '  -  ini.--  is  a  precious  alloy,  so  its  grindings  have  scrap 

value.  Vacuum  your  clothing  and  work  area. 


KITTING  THK 


1.  QUALITY  <"■  >N  >1  •’HF,',K  -  Unsatisfactory  castings  (poor  fit,  overheated 

•I!  y,  porosity)  should  be  remade. 


?.  HKMUV K  I NTKLNa!,  N' > 1  •! i F _  Carefully  inspect  the  inside  of  each  casting 

un  b--r  magnif  ication,  and  remove  any  irregularities. 

3.  EVALUATE  THK  !•  ! "  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

•mu  mmi-lral  seal,  before  proceeding  to  any  additional 

t”"i  S  tops  . 

U.  INITIAL  OGGI. 'i  '  Al NT  -  Articulate  the  casting  and  refine 

in..  < ...  •  i  ■  l  u  •  i  •  >n  ,  as  necessary . 


K1  NICHING  THK  '  A.  I'  l  NO  : 

1.  GTuNKU  AND  V,'H !•  I'l  ;  -  II:-,..  stones.,  carbide  burs,  and  burlew  wheels. 

s.  i'l  ill. : !  1 1  NG  -  !)••>'  the  same  compounds  employed  to  polish  gold-base 

(Kw  alloys,  such  as,  Buffing  Bar  Compound  (BBC)  and 
rouge. 

3.  AVOID  MHT'd.  Ci 'NT  -.Ml  NATION  -  Get  aside  a  set  of  finishing  stones  for 

thla  particular  alloy  to  prevent  metal  contamination. 

A.  AD..1U,  TMKUT  Tl" 'UNIQUE  ■  Use  uncontaminated  aluminum  oxide  abrasives  to 

pro. lure  a  smooth,  even  textured  surface  for  all 

ii, . .-a,- 1 a.iri  bearing  areas.  Finish  the  metal  surface  in 
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PREPARATION  OF  THE  METAI.  FOR  PORCELAIN— WILL- CERAM  W~1 


A.  PREPARATION  OF  THE  METAL  SUBSTRATH: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproxiraal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to 
the  application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abraie  the  finished  metal  surfaces  with 

a  50-Jom  non-recycle-i ,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber-wheeling 
and  a i r-abrad i  rig . 

B.  OXIDATION  (DEGASSING)  OK  THE  MhIA;.  SUBSTRATE : 

1.  LOW  temperature  setting  -  1200  °F  (6L9  °C) 

2.  HIGH  temperature  setting  -  1830  °F  (1010  °C) 

3.  Rate  of  rise  -  100  °F  (>c>  °C) 

4.  Atmosphere  -  FULL  VACUUM  (2o-2t  in.  of  Hg) 

5.  HOijD  time  at  HIGH  tempera  tar*  -  3  min,  under  VACUUM 

o.  Appearance  of  the  oxi  ie  Layer: 

a.  A  Pr.pKlUY  './xi  il.-ed  :  .'--r  -  LIGHT  GRAY  color 

i  surface  finish  will  u-nce  the  appearance  of  the  oxide) 

0.  Ar.  VERoxi  ii/.ei  si y-r  -  i'Ab.K  GnAY  or  BLACK  color 

,  a  r— r  t  s>-;  an  "‘n.-xi  d.'e  at  a  lowe  r  temperature) 

c.  Ar.  '.'/nr:'  x  i  :  1  r.^  i  '  ay";-  -  if  •  READILY  DISCERNIBLE  color. 

1  r-'-xl  --it  a  h!  r  •'“nature  ! 


c.  p.c  :-  : .  /■ . :  •.  x:  •  ■ 

1.  RETAIN  THE  OXIDE  LAYER  a  :  re. -lain  directly  over 
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IX.  PORCELAH  COMPATIBILITY— WILL-CERAM  W-l 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART.  The  following  information  has  been 
provided  by  the  alloy  manufacturer  (X): 


DENTAL  PORCELAIN 


PORCELAIN  COMPATIBILITY 


YES  NO 


MARGINAL  UNKNOWN 


1.  ARTIS-TECH  (Jeneric)  -  X* 

2.  BIOBOBD  (Dentsply)  -  X 

3.  CERAMCO  (Johnson  &  Johnson)  -  X 

4.  CRYSTAR  (Unitek)  -  X 

5.  JELENKO  (Jelenko)  -  X 

Low- 

6.  (BIOBOND)  SHADEMATE  (Dentsply)  Reg-  X 

7.  VITA  (Vident)  -  X 

8.  WILL-CERAM  (Williams)  -  X* 


B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  Since  this  alloy 
contains  silver,  certain  additional  precautionary  steps  are  recommended  to 
diminish  the  likelihood  of  any  porcelain  discoloration  and  furnace  contam¬ 
ination. 


1.  Use  of  carbon  pellets  -  Place  a  carbon  pellet  on  the  sagger  tray 
each  time  a  casting  is  fired  in  the  porcelain  furnace. 

2.  Purging  the  porcelain  furnace  -  If  silver-containing  alloys  are  used 
routinely,  it  is  advisable  to  purge  the  furnace  of  silver  contamination 
on  a  daily  basis.  Place  1  or  2  carbon  pellets  in  a  1200  °F  (649  °C) 
furnace,  draw  a  full  vacuum,  and  raise  the  temperature  to  2200  °F 
(1204  °C).  Leave  the  furnace  at  temperature  under  full  vacuum  for 
20-30  min  with  the  vacuum  pump  running. 

*  3.  Non-greening  porcelains  -  Only  Will-Ceram  and  Artis-Tech  porcelains 
are  reportedly  free  of  porcelain  discoloration  (greening),  when  used 
with  silver-containing  alloys.  Pickling  and  metal  conditioners  are 
reportedly  unnecessary  with  these  two  porcelain  systems. 
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X.  PRE-SOLDERING  INSTRUCTIONS— WILL-CERAM  W-l 

RECOMMENDED  MATERIALS: 


1.  SOLDER  -  Use  Will-Ceram  Super  Solder  (fLows  around  2075  °F/1135  °C) 

2.  FLUX  -  Williams  High  Fusing  RondaL  Flux 

3-  INVESTMENT  -  Use  Hi-Heat  Soldering  Investment  ('Whip-Mix),  or  a  high- 
heat  casting  investment  with  distilled  water  (no  special  liquid). 


SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  Torch  (Williams)  with  its  #2kQ 

torch  tip  or  the  HARRIS  lb-S  torch  with  a  2N  tin,  for  precise  heating. 

(Use  5  psi  OXYGEN  and  2  psi  natural  GAG.) 

1.  Grind,  with  aluminum  oxide  stones,  all  surfaces  to  be  soldered.  This 
process  will  remove  any  oxides  or  contaminants  which  would  impede 
soldering. 

2.  Create  a  GAP  DISTANCE  of  approximately  0.3  mm. 

3.  Mix  investment  so  it  is  thick;  turn  the  fixed  partial  denture  upside 
down;  fill  the  inside  of  the  castings  with  the  mix;  and  invert  onto 
a  patty  of  Investment.  Do  not  let  the  castings  settle  into  the 
investment.  Keep  investment  patty  as  small  as  possible. 

4.  Allow  the  Investment  to  reach  final  set,  trim,  smooth  to  remove  sharp 
angles,  and  allow  to  dry  thoroughly. 

5.  Apply  heat  in  excess  of  800  °F  (427  °C)  to  eliminate  the  wax  or 
acrylic  resin  joint  (Duralay);  dry  thoroughly;  remove  from  furnace; 
cool  to  room  temperature.  (Carbon  will  burn  off  at  800  °F  (427  °C), 
and  a  dry  investment  will  draw  less  heat  from  the  parent  metal.) 

6.  Blast  THROUGH,  not  down  Into,  the  connector  (joint)  area  with  uncertain 
inated  50-jim  aluminum  oxide  to  remove  the  oxides.  (Oxides  will  impede 
if  not  prevent,  the  solder-parent  metal  union.) 

7.  You  now  want  to  GLAZE  your  solder  rod.  First,  heat  the  rod  to  a  DULL 
ORANGE  color;  dip  the  rod  in  the  flux,  and  you  should  hear  it  sizzle. 
(A  GLAZED  solder  rod  will  act  to  retain  the  flux  on  the  outside  of  the 
connector,  and  prevents  its  incorporation  into  the  soldered  joint. ) 

y.  WEAR  DARK  GLASSES  IN  ORDER  TO  SEE  AT  THESE  PRE-SOLDER  TEMPERATURES,  AS 
WELL  AS  TO  PROTECT  YOUR  EYES  FROM  INJURY. 

10.  Heat  the  parent  metal  with  the  REDUCING  atmosphere  at  the  end  of  the 
inner  blue  cone(s)  to  prevent  OXIDE  FORMATION,  and  introduce  the 
GLAZED  solder  rod  t>  the  connector  area  from  the  occlusal. 

Solder  should  flow  on  contact,  but  ensure  joint  is  filled  before 
removing  the  reducing  f  l  am*  • .  BIN; ’I  •  n;  ,  w  i  .<  i  •  u  <v>1  Ish. 


11. 


■SECTION  8:  ATTACBMEST  4 — 


XI.  POST-SOLDER I1JG  INSTRUCTIONS — WILL-CERAM  W-l 


A.  RECOMMENDED  MATERIALS:  The  porcelain  units  are  assumed  to  have  been  glazed, 
polished,  and  the  metal  substructures  designed  appropriately  for  the  post¬ 
soldering  procedure. 

1.  SOLDER  -  Williams  Low  Fusing  Solder  (flows  at  1350  °F/732  °C) 

2.  FLUX  -  Williams  Bondal  Flux 

3.  INVESTMENT  -  Use  High-Heat  Soldering  Investment  (Whip-Mix)  or  a 
high-heat,  non-carbon  casting  investment  with  distilled  water  (no 
special  liquid). 


B.  POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  procedure.  It 

is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred  to 

as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Invest  in  the  normal  manner  for  oven  soldering  (protect  all  glazed 
porcelain  surfaces  by  covering  them  with  colorless  wax.) 

2.  Once  the  investment  has  set,  heat  the  invested  work  to  800  °F  (427  °C) 
to  remove  the  wax  or  acrylic  resin  uniting  the  units. 

3.  Air-abrade  the  joints  with  50-^um  aluminum  oxide  to  clean  them. 

4.  Flux  each  joint  LIGHTLY. 

5.  Dip  the  solder  in  tf]  Flux  (Williams),  and  place  in  a  Bunsen  burner 
flame  at  the  tip  of  the  inner  blue  cone.  The  solder  will  immediately 
ball  up.  Remove  the  ball  from  the  flame,  and  allow  to  cool. 

o.  Cut  the  solder  approximately  1/4  in.  frcm  the  ball,  thus  leaving  a 

small  tail.  Place  one  ball  (tail  first)  in  small  joints,  and  two  balls 
in  larger  connector  areas. 

7.  Vacuum-fire  the  case  to  approximately  1400  °F  (760  °C). 

8.  Hold  at  1400  °F  (7b0  °C)  for  2-3  min. 

9.  The  solder  should  flow  readily  and  fill  the  joint  space(s). 

10.  Withdraw  the  soldered  work  to  the  muffle  door  and  cool  the  work  slowly. 

11.  Remove  the  investment  and  polish  the  joint  areas. 
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THE  HICKEL-CHROMIUM-BERYLLIUM  ALLOYS 


9-1.  GENERAL  DESCRIPTION 

Due  to  the  unprecedented  increase  in  the  cost  of  gold  and  the  fact  that 
the  precious  metals  market  is  prone  to  sudden  price  swings,  the  non-precious 
metals,  particularly  nickel-chromium-beryllium  alloys,  have  become  popular. ^ 
The  exact  composition  of  the  alloys  within  this  group  may  vary  markedly. 
However,  it  is  not  uncommon  for  an  alloy  to  contain  between  TO  and  Q0%  nickel, 
13  and  20 %  chromium,  and  up  to  2%  beryllium.  1  Low  density  (less  than  one-half 
that  of  gold-base  alloys),  high  strength,  low  thermal  conductivity,  and  low 
cost  have  made  this  system  particularly  attractive  for  single  unit  PFM  units, 
as  well  as  for  long  span  fixed  partial  dentures. 2 


With  handling  characteristics  vastly  different  from  those  of  gold-base 
metals,  these  non-precious  alloys  require  a  "learned”  skill  for  investing, 
spruing,  casting,  finishing,  and  polishing.  Historically,  the  failure  to 
process  these  alloys  pioperly  may  have  been  due  to  the  misconception  that 
techniques  used  for  gold-base  metals  could  be  employed  for  these  newer,  lower 
density  alloys.  For  example,  on  heating,  the  molten  alloy  develops  an  oxide 
film  which  separates  ingots  and  buttons  and  prevents  the  metal  from  "pooling" 
into  a  single  fluid  mass,  like  precious  alloys. 


In  addition,  these  alloys  have  a  high  casting  shrinkage  (approximately 
2.3%)  which  must  be  accommodated  for  by  the  investment. 3  Improved  phosphate- 
bonded  Investments  have  been  developed,  and  attention  has  been  drawn  to  the 
need  to  evaluate  the  influence  of  casting  investments  on  the  castability  of 
alloys. Also,  better  technical  processing  instructions  for  the  non¬ 
precious  alloys  have  been  more  widely  available.  Moreover,  many  alloy 
manufacturers  have  also  improved  the  older  formulations  of  nickel-chromium- 
beryllium  alloys.  Consequently,  when  referring  to  the  results  of  castability 
studies  done  some  years  ago,  one  must  consider  the  type  of  investment  used, 


the  casting  techniques  employed,  and  whether  or  not  the  alloys  studied  are 
still  on  the  market  today  (Figs.  9“1  to  9~3). 


The  addition  of  beryllium  to  this  nickel-base  system  increases  the 
fluidity,  Improves  the  castability  of  the  alloy,  helps  control  surface 
oxidation, 3  and  enhances  polishability.  The  presence  of  beryllium  in  an 
alloy  is  significant  for  several  other  reasons.  If  beryllium  accounts  for 
l.Q%-2.0%  of  the  alloy's  composition  on  a  weight  basis,  the  actual  atomic 
volume  of  beryllium  exceeds  10%. 6  Beryllium's  atomic  size  is  relatively 
small  (1.12  angstroms)  and  its  atomic  weight  is  9.0122  as  compared  with  gold's 
atomic  weight  of  196. 967.*'  Therefore,  many  atoms  are  needed  to  reach  that 
2.0%  weight  level.  Research  has  also  indicated  that  berylLium  might  display 
migratory  behavior  far  below  its  melting  point. 6  Covington  et  a] .  observed 
surface  beryllium  concentrations  ranging  from  lU  atom  %  for  an  ingot  (uncast) 
of  nickel-chromium-beryllium  alloy,  to  as  much  as  39#  for  cast  alloy  incubated 
for  120  days  in  an  acidic  salivary  solution. ^  All  this  information  Indicates 
that  more  beryllium  is  "available"  in  the  nickel-chromium-bery 1 ! ;  urn  (Ui-Cr — Be) 
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alloys  than  one  might  realize;  the  beryllium  may 
the  alloy  surface,  and  beryllium  may  leave  the  a 


Figure  9-l.  Dense  castings  with  sharp, 
distinct  margins  can  be  produced  with 
Ni-Cr-Be  alloys  (Litecast  B  shown). 
Eliminating  a  button  on  the  casting 
is  often  difficult  because  of  the 
size  of  many  non-precious  ingots. 


Figure  9~2.  The  casting  produced  from  Figure  ' 
this  Ni-Cr-Be  alloy  (Biobond  II**)  bar  shoe, 

is  complete,  with  no  porosity  noted  metal, 

in  the  restorations  or  the  reservoir  Note  hi 
bar.  The  margins  are  sharp,  and  the  >n  Fir. 
casting  appears  complete.  unite;  s 

:  lei  .  i  i 


Williams  Gold  Refining  Co.,  Buffa!  >,  Nv. 
Dentsply  International,  Inc.,  Yon-;,  t ’<• . 
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inhere;;i  V; 
to  excessive 
result,  the 
In  fact,  hot 
potent-ini  t\. 
ox;  ie  lav-  r 


..  with  the  nickel-chromium-bery 11 5 um  alloys  is  their 

e;.,-y  t.  i.  x !  if/.--.  Laboratory  and  clinical  bone  failures,  attributed 
oxidation,  have  been  Known  to  occur  (Figs.  9_1+  and  9~5).  As  a 
.fci-ranriioy  of  the  porcelain-metal  bond  has  come  under  questions. 2 
.  •  h"  uiekei-and  cobalt-base  alloys  are  considered  to  have  a 
1  ; '..ivri/dn  !e lamination,  due  to  separation  of  a  poorly  adherent 
the  nirtii  substrate. 


aJ 


$ 


Flgur 


The  bond  between  this 
j  ( Hex! ilium  jlI  )  and 


Ni-Cr-be  *)’.!■  .y  (Rexi  ilium  ill  )  and 
Vita  porcelain  faiiei  during  the 
fabrication  process.  Note  the  oxide 
layer  still  h«  n  :<*  \  to  the  piece  of 
dental  wiv,l'd:,  ur:  the  .•  Urnt. 


Figure  9~5.  The  porcelain  fractures 
during  cooling  (left)  and  extensive 
delamination  of  the  porcelain  veneer 
from  the  metal  substructure  (right) 
are  examples  of  some  of  the  types  of 
porcelain-metal  failures  observed. 


rip  lie  ma::\ 


.  i  :gs .  >• 


beer. 


improvements  made  in  the  processing  of  non-precious 
;  iering  is  one  procedure  still  plagued  by  problems 
alloys  are  extremely  hard,’  may  wear  an  opposing 
•t  be  burnished  like  gold-base  alloys,  and  are  difficult 
Nonetheless,  the  nickel-chromium  alloys  are  used 
Air  Force,  for  single  unit  PFM  restorations  as  well 


it'  oris  aside,  consumers  should  be  aware  that  very 
••x;  cessed  for  the  potential  health  risks  associated 
.c'.-iv  staining  alloys.  Contact  derma t.iti-. ,  hyper- 

■  res;;  ion  of  the  immune  response  system  have  all 

re-  iouo  alloys.  Physical  protection  and 

■  :  . ]  re i  to  protect  dental  technician.-'  from  the 
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Figure  y-6.  This  early  attempt  to 
presolder  a  Ni-Cr-Be  alloy  looked 
successful.  (Too  much  solder  was 
applied  to  the  connector  area  as 
a  result  of  the  photography . ) 


Figure  9~l -  The  soldered  area  was 
refinished  and  air-abraded  with  non 
recycled  aluminum  oxide  to  prepare 
the  casting  for  oxidation. 


Figure  9-v$.  Aft.-r  oxidizing,  tne  soLder  Figure  ■)-).  After  the  porcelain  was 


appeared  to  release  oont  unirvints  from 
the  connector  area  an  i  surround  ing 
region.  1)  .«->(•  ratio:;  between  the 

pontic  and  tiv-  -ir, *•■•:•  ior  retainer  was 
observahl o . 


applied  ana  fired,  the  fixed  partial 
denture  bee-urn;  distorted  and  failed 
to  seat  on  t.'ne  mas t>;-r  dies.  When  the 
porne  Lain  veneer  war  removed,  the 
.joint  f  'ilur  was  detected. 
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9-2.  ECONOMIC  CONSIDERATIONS 

Since  none  of  their  major  constituents  are  either  noble  or  precious 
metals,  these  alloys  are  very  inexpensive.  Small  orders  of  less  than  five 
ounces  may  cost  up  to  $20.00/oz,  while  purchases  of  larger  quantities  can 
reduce  that  price  to  between  $8.00  and  $15.00/oz.  However,  the  individual 
ingots  vary  in  weight  between  2  dwt  15  grs  and  3  dwt  15  grs,  and  represent  the 
minimum  quantity  which  may  be  cast  at  any  one  time.  For  small  single  units, 
more  metal  may  be  expended  than  is  necessary,  and  large  buttons  can  accumulate. 
To  maintain  the  recommended  50/50?  ratio  of  new  metal  to  recast  metal,  single 
unit  castings  become  less  economical.  If  recast  metal  is  not  enriched  with 
new  metal,  an  elevation  in  the  casting  temperature  and  hardness  of  the  alloy 
may  occur,  since  the  minor  alloying  elements  are  not  replenished. 

Many  manufacturers  also  now  recommend  the  use  of  all  new  metal  (ingots) 
when  casting  the  substructure  for  a  cast  metal ,  resin-bonded  retainer  (Maryland 
Bridge).  The  justification  is  simply  to  prevent  changes  to  the  microstructure 
and  ensure  consistency  in  the  properties  of  the  alloy.  An  overheated  alloy  or 
an  alloy  with  a  depleted  beryllium  content  will  simply  not  etch  well. 

As  a  result  of  lapses  in  techniques  for  spruing,  investing,  and  casting, 
miscasts  may  be  more  numerous  with  non-precious  than  with  precious  alloys. 2 
Overheating  the  metal  is  common  when  first  using  these  alloys,  since  time  is 
needed  for  one  to  appreciate  the  particular  melting  behavior  of  each  indivi¬ 
dual  alloy.  Induction  casting  not  only  reduces  such  variables  and  improves 
castability,  but  also  represents  a  tremendous  increase  in  the  startup  cost  for 
this  system.  Miscasts,  the  accumulation  of  large  buttons,  and  increased  ad¬ 
justing  and  finishing  times  are  economic  considerations  frequently  overlooked 
in  cost  estimates.  The  assessment  of  an  alloy  system  solely  on  the  basis  of 
material  costs  is  misleading,  and  is  not  indicative  of  the  accumulated 
expense  which  a  new  system  might  entail. 


9-3.  ADVANTAGES : 

Some  alloys  in  this  system  are  A.D.A.  "ACCEPTABLE." 

Low  density  permits  up  to  30?  more  castings  per  ounce  than 
gold-base  alloys. 

Are  low  cost. 

Are  poor  thermal  conductors. 

Produce  lightweight  castings. 

High  modulus  of  elasticity  and  yield  strength  provide  rigidity  for 
thin  castings. 

Thin  castings  permit  maximum  porcelain  coverage 

Sharp  margins  can  be  produced  with  proper  technique. 

Do  not  have  to  be  secured  like  precious  alloys. 

Afford  high  sag  resistance — an  advantage  when  used  for  long-span  fixed 
partial  dentures. 
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9-1* .  DISADVANTAGES : 

Are  not  A.D.A.  CERTIFIED. 

Not  all  alloys  are  A.D.A.  "ACCEPTABLE"  or  "PROVISIONALLY  ACCEPTABLE." 
Are  much  harder  than  gold-  and  palladium-base  alloys. 

Nickel  is  toxic,  and  may  pose  a  health  threat  to  patients. 

Beryllium  is  toxic;  inhalation  or  ingestion  may  pose  a  threat  to 
dental  laboratory  technicians. 

The  surface  of  these  alloys  may  be  enriched  with  beryllium. 

Should  not  be  used  for  patients  with  known  or  suspected  nickel 
sensitivity. 

Require  a  high-heat  investment  ( i .e. , phosphate-bonded) . 

Ingots  do  not  pool  like  precious  alloys. 

Are  more  difficult  to  melt  and  cast  with  consistent  accuracy. 

Are  more  amenable  to  induction  casting  than  torch  casting. 

Are  more  prone  to  miscasts  than  precious  alloys. 

Propane-oxygen  is  preferred  to  natural  gas-oxygen. 

Require  central  air  evacuation  for  nickel  and  beryllium  dust. 
Necessitate  environmental  monitoring  for  Ni  and  Be  levels. 

Large  ingots  tend  to  produce  large  buttons  in  smaller  laboratories. 
Possess  a  platinum  or  white  color,  rather  than  traditional  yellow  hue. 
Excessive  oxidation  may  lead  to  either  immediate  or  delayed  porcelain- 
metal  bond  failure. 

Are  not  BURNISHABLE. 

Are  difficult  to  solder  satisfactorily  due  to  the  thick  oxidation. 

Are  more  time  consuming  to  finish  and  polish. 

Are  more  difficult  to  adjust. 

More  difficult  to  section  and  remove  these  castings  from  the  mouth. 

Some  alloys  have  NO  ingot  identification. 

Are  more  prone  to  crevice  corrosion  than  the  nickel-chromium  beryllium- 
free  alloyrs. 


9-5.  BIOCOMPATIBILITY 

The  subject  of  the  biocompatibil i ty  of  dental  casting  alloys  is  address 
ed  separately  in  Section  12.  The  reader  is  also  referred  to  the  statements 
and  recommendations  on  niexel-  and  beryl lium-containing  alloys  released 
by  the  U5AF  Special  Consultants  for  Prosthodontist  and  Laboratory  Services. 
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EDITOR’S  BOTE:  The  following  Attachments  provide  comprehensive  information  on 
four  examples  of  the  nickel-chromium-beryllium  group;  specifically, 
BAK-ON  NP,  BIOBOND  II,  LITECAST  B,  and  REX ILL I UM  III. 


—SECTION  9:  ATTACHMENT  1  — 


BAK-ON  NP 


I.  GENERAL  INFORMATION 


ALLOY  TYPE:  "NON-PRECIOUS" 


ALLOY  SYSTEM:  Nickel-Chromium-Beryllium 


ALLOY  CONTENT:  77$  Nickel,  13$  Chromium,  5$  Molybdenum,  1.8$  Beryllium, 
1.8$  Titanium,  and  1.4$  Aluminum 


MANUFACTURER : 


TOLL-FREE  PHONE  NUMBER:  NONE 


Johnson  &  Johnson 
Dental  Products  Company 
Ceramco,  Inc. 

20  Lake  Drive,  CN  70b0 

East  Windsor,  New  Jersey  08520 


COMMERCIAL  PHONE  NUMBER: 
l-(20l)  494-7311  Eastern 
l-(404)  233-5455  Southern 
1-(312)  654-0990  Midwestern 
1— ( 305 )  497-4424  Western 


TELEPHONE  CONTACTS: 


REGIONAL  SALES  REPRESENTATIVES: 


Metals  Research  and  Development 
l-(609)  443-3300 


Area  Technical  Directors 


ALLOY  INTRODUCED  IN:  Unspecified 


F.D.A.  LISTED:  Yes,  1981 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  "PROVISIONALLY  ACCEPTABLE"  (1981) 


n.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Cube 

Ingot  weight  -  2  dwt  15  grs  -  2  dwt  19  grs  Ingots  per  ounce  -  8  per  oz 

Ingot  ide/.tif ication  -  "BAK-ON"  Alloy  packaging-  1  or  10  troy  oz 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  7.8  g/ cc 

Brinell  hardness  number  -  24u 

Vickers  hardness  number  -  200 

Percentage  elongation  (,in  1  in.)  -  )% 

Ultimate  tensile  strength  -  155,000  psi 

Yield  strength  (0.2$  Offset)  -  7'*, 000  psi 

Bond  strength  -  15,500  psi 

Coefficient  of  thermal  expansion  -  13.5-1-5.8  X  !0-D  in/in  °C  (20-600  °C) 


MELTING  RANGE 


-  223.--v.330  °F 
(1.- -22-12, °C) 


CnGT  L  N'. i  TEMPEHATij h  E 


2300  °F 
(1371  UC) 
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V.  INVESTMENT  AND  BURNOUT  TECHNIQUE— BAK-OH  HP 

RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  A  NON-CARBON-containing  phosphate-bonded 
investment  (white  color)  is  preferred.  Increase  burnout  time  if  a 
CARBON-containing  investment  (black  color)  is  used. 

NON-CARBON  TYPE:  SPECIAL  LIQUID  DISTILLED  WATER 

Hi-Terap  (Whip-Mix)  -  7.5  cc  2.0  cc 

CARBON  TYPE: 

1.  Biovest  (Dentsply)  -  11.0  cc  0 

2.  Deguvest  HFG  (Degussa)  -  9.5  cc  0 

3.  Complete  (Jelenko)  -  5-25  cc  5.25 

2.  GYPSUM-BONDED  INVESTMENT S :  Not  recommended  for  this  alloy. 


RECOMMENDED  METHOD  OF  INVESTMENT:  Manufacturer  prefers  the  HYGROSCOPIC 
technique,  but  we  routinely  use  the  HIGH-HEAT  method.  » 


MANUFACTURER 1 S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Ceramic  type.  WET. 

We  recommend  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix).  You 
may  also  use  the  Degussa  Asbestos  Free  Liner  or  NQBESTOS  (Jelenko).  Place 
the  liner  flush  with  the  top  of  the  casting  ring,  but  leave  at  least 
1/8-in.  clearance  at  the  bottom  of  the  ring.  The  1/8-in.  clearance  will 
help  lock  the  investment  in  the  ring  when  the  investment  expands  (Fig. 1-2). 

If  additional  expansion  is  needed,  use  two  layers  of  ring  liner  or  more 
of  the  special  liquid. 

BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  COLD  oven  (or  an  oven  no 
warmer  than  200  °F(y3  °C)  and  raise  the  temperature  to  1450  °F  (Td8°C) 
at  the  rate  of  20  °F/min.  M 

HEAT  SOAR  the  ring(s)  at  1430  °F  (7dO°C),  ns  follows: 

a.  Single  ring  -  1  hr 

y 

b.  Three  units  in  a  single  ring  -  1  hr  and  13  min  g; 

c.  Multiple  units,  2-3  rings  -  I  hr  plus  10  min  for  each  additional 

ring.  v 

22  o  'j 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— BAK-QH  HP 


A.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  A  THERMATROL  2500  WITH  CARBON  CRUCIBLE) : 

a.  Manufacturer's  preferred  casting  equipment  -  Induction  system 

b.  Alternative  systems  include-  Centrifuge 

2.  CASTING  TORCH  -  HARRIS  16-S  with  #1390  H  multi-orifice  tip,  or  a 

single  orifice  tip  (National  OX-5)  adjusted  to  maximum  length. 

3.  CASTING  CRUCIBLES  -  Quartz  or  alumina,  DO  NOT  USE  CLAY  OR  CARBON. 


B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50#  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  30/70#  by  weight. 


C.  MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred,  NATURAL  GAS  adequate): 

1.  OXYGEN-GAS  RATIO  -  15-20  psi  (OXYGEN)  or  5~l0  psi  (PROPANE) 

2.  SETTING  CASTING  MACHINE  -  Add  one  turn  to  casting  machine  to 

compensate  for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  Adjust  torch  to  produce  1/4-in.  inner  blue  cones, 

and  to  create  a  distinct  hissing  sound.  The  actual 
cone  length  depends  on  the  flow  and  the  regulated 
pressure  of  both  the  oxygen  and  the  gas  (Fig.  4-12). 

4.  APPEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  crucible,  and 

heat  the  metal  with  the  tip  of  the  reducing  flame. 
Move  the  torch  in  a  circular  motion  to  distribute 
the  heat  evenly. 

5.  CASTING  FLUX  -  Not  recommended;  do  not  disturb  the  oxide  layer. 

6.  WHEN  TO  CAST  -  The  alloy  will  start  to  SLUMP,  but  ingots  or  buttons 

will  not  pool.  When  the  ingots  lose  their  dark 
appearance  and  RIPPLE  under  the  oxide  layer  from  the 
pressure  of  the  flame,  transfer  the  ring  to  the  cast¬ 
ing  cradle  and  CAST  IMMEDIATELY. 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL;  DO  NOT  QUENCH;  DO  NOT  PICKLE. 

D.  INDUCTION  CASTING  (Start  with  a  preheated  crucible): 

1.  Set  ARM  SPEED  between  475  and  5 00  rpm. 

2.  Set  AMPS  to  1.1. 

3.  Set  TEMPERATURE  to  2550  °F/1399  °C. 

4.  HEAT  SOAK  for  20-30  sec. 
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VII.  ADJUSTING  AND  FINISHING — BAK-ON  NP 

A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  to  cut  off  the  sprue. 

2.  GRINDINGS  -  Use  suction  to  remove  grindings,  and  try  to  avoid  mixing 

non-precious  with  precious  grindings. 


B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

k.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  Ceramco  Diamond  Sintered  Instruments  or 

other  non-contaminated  abrasives.  All  metal  surfaces 
should  be  dressed  with  a  hard  rubber  wheel  (Dedeco,  or 
equivalent)  until  all  scratches  are  removed. 

2.  POLISHING  -  Use  removable  partial  denture  polishing  compounds,  such 

as  Ti-Cor  and  Ti-Hi  (Ticonium). 

NOTE:  Non-precious  alloys  are  more  difficult  to  adjust,  polish,  and  finish 
than  their  precious  alloy  counterparts.  Therefore,  allow  additional  time 
for  these  steps.  This  alloy  also  contains  NICKEL  and  BERYLLIUM,  so  special 
handling  is  recommended:  use  central  evacuation  (suction);  limit  grinding 
to  as  few  areas  as  possible;  and  wear  protective  eyewear,  mask,  and 
laboratory  coat. 

3.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for 

this  particular  alloy  to  prevent  contamination  of 
the  metal. 

4.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction,  using  light  pressure. 
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I.  PREPARATION  OF  THE  METAL  FOR  PORCELAIH — BAK-OH  HP 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars),  to  remove  all  scratches  prior  to 
the  application  wf  porcelain. 

2.  PORCELAIN-BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-pm  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  75  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber-wheeling 
and  air-abrading. 

B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  Preheat  oven  to  1200  °F  (649  °c) 

2.  HIGH  temperature  setting  -  1800  °F  (982  °C) 

3.  Rate  of  rise  -  70-80  op/min  (21-2?  °C/min) 

4.  Atmosphere  -  FULL  VACUUM  (26-28  in.  of  Hg) 

5.  HOLD  time  at  HIGH  temperature  -  0 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  STRAW  color  (gray-yellow  to 

gray-brown) 

b.  An  OVERoxidized  layer  -  REDDISH  BROWN  color 

(air-abrade;  clean;  and  reoxidize  at  a  lower  temperature) 

c.  An  UNDERoxidized  layer  -  BLUISH  color 

(reoxidize  at  a  higher  temperature) 

C.  POST-OXIDATION  TREATMENT: 


RETAIN  THE  OXIDE  LAYER 


You  may  apply  opaque  porcelain  directly  over 
the  oxide  layer. 


— SECTION  9:  ATTACHMENT  1 — 

IX.  PORCELAIN  COMPATIBILITY  PROFILE— BAK-OH  HP 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has  been 


provided  by  the  alloy  manufacturer  (x) 

• 

• 

DENTAL  PORCELAIN 

PORCELAIN 

COMPATIBILITY 

YES 

NO 

MARGINAL  UNKNOWN 

1.  ARTIS-TECH  (Jeneric) 

X 

2.  BIOBOND  (Dentsply) 

X 

3.  CERAMCO  (Johnson  &  Johnson) 

X 

4.  CRYSTAR  (Unitek) 

X 

5.  JELENKO  (Jelenko) 

Low- 

6.  (BIOBOND)  SHADEMATE  (Dentsply)  Reg- 

X 

X 

7.  VITA  (Vident) 

X 

8.  WILL-CERAM  (Williams) 

X 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES: 

The  coefficient  of  thermal  expansion  of  Bak-On  NP  does  not  match  that  of 
Crystar,  Jelenko,  or  Vita  porcelain;  and  porcelain  fracture  may  occur 
with  multiple  unit  castins. 


C.  SPECIAL  HANDLING  INSTRUCTIONS:  None 
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X.  PRE-SOLDERING  INSTRUCTIONS — BAK-ON  HP 

RECOMMENDED  MATERIALS: 

1.  SOLDERS  -  Use  BAK-ON  High  Fusing  Solder  (flows  at  1840  °F/1004  °C) 

2.  FLUX  -  BAK-ON  High  Temp  Flux  (contains  fluoride) 

3.  INVESTMENT  -  Manufacturer  recommends  a  SOLDERING  investment. 

(Do  NOT  use  casting  investments,  since  they  have  excessive  permanent 
expansion  which  could  result  in  improper  fit.) 

SOLDERING  TECHNIQUE:  For  precise  heating,  use  the  Magic  Wand  torch 
(Williams)  with  its  # 248  soldering  tip,  the  HARRIS  l6-S  torch  and  the 
2N  tip,  or  a  NATIONAL  OX-1  or  OX-2  tip. 

1.  Lightly  grind  all  surfaces  to  be  soldered  to  remove  surface  oxides. 

2.  Create  a  GAP  DISTANCE  of  0.3  to  0.4  mm. 

3.  Join  units,  to  be  pre-soldered, with  quick  cure  acrylic  resin  (Duralay) 
or  sticky  wax  and  invest  in  a  soldering  investment. 

4.  Remove  wax;  thoroughly  clean  the  areas  to  be  soldered. 

5.  Preheat  the  invested  casting  to  600  °F  (3l6  °C). 

6.  Place  soldering  flux  (mixed  with  distilled  water)  on  the  areas  to  be 
soldered  and  on  the  soldering  rod. 

7.  Use  a  gas  and  oxygen  soldering  torch  and  3~5  psi  OXYGEN. 

8.  Using  the  REDUCING  flame,  heat  the  area  to  be  soldered.  Introduce  the 
fluxed  solder  rod,  and  solder  should  flow  into  joint. 

9.  Remove  flame  AS  SOON  AS  the  solder  flows  (thus  minimizing  excess  solder). 

10.  BENCH  COOL;  divest,  and  finish  with  non-contaminating  abrasives. 
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XI.  POST— SOLDERING  IHSTRUCTIOBS — BAK-OB  HP 


RECOMMENDED  MATERIALS : 

1,  SOLDERS  -  MASTERCAST  White  Low  Fusing  Solder  (flows  at  1325  °F/7l8  °C) 

MASTERCAST  650  Solder  (liquidus  is  1**70  °F/799  °C);  or 
MASTERCAST  6l5  Solder  (liquidus  is  1500  °F/8lo  °C) 

2,  FLUX  -  BAK-ON  Low  Fusing  Solder 

3o  INVESTMENT  -  Manufacturer  recommends  a  SOLDERING  investment. 

(Do  NOT  use  casting  investments,  since  they  have  excessive  permanent 
expansion  which  could  result  in  improper  fit.) 


SOLDERING  TECHINQUE:  Use  a  porcelain  furnace  with  a  muffle  view  port  to 

monitor  the  soldering  process. 

1.  Lightly  grind  all  surfaces  to  be  soldered  to  remove  any  oxides, 
polishing  agents,  or  other  contaminants. 

2.  Create  a  GAP  DISTANCE  of  0.3  to  0.5  mm. 

3.  Join  the  units  with  quick  cure  acrylic  resin  (Duralay)  or  sticky  wax. 
(It  is  helpful  to  provide  the  dental  laboratory  with  a  soldering  index, 
in  case  it  becomes  necessary  to  separate  the  units.) 

4.  Invest  in  a  SOLDERING  investment.  Do  NOT  use  a  high-heat  casting 
investment.  Be  sure  to  protect  the  porcelain  by  covering  it  with  a 
thin  layer  of  wax. 

5.  Allow  the  investment  to  set  for  at  least  30  min. 

6.  Boil  out  the  sticky  wax;  and  remove  any  acrylic  resin  with  a  Robinson 
brush  and  isopropanol. 

7.  Dry  excess  water,  and  lightly  apply  flux  to  the  joint  areas. 

8.  Preheat  the  investment  in  the  muffle  entrance;  and  introduce  the  units 
into  a  furnace  set  at  1000  °F  (538  °C)  over  a  5-min  period. 

9.  Raise  the  temperature  of  the  porcelain  furnace  to  1550  °F  (8**  3  °C)  at 
the  rate  up  to  100  °F  (55  °C)  per  minute  for  MASTERCAST  White  Solder 
and  to  1650  °F  (899  °C)  for  MASTERCAST  650  or  6l5. 

10.  Once  the  solder  has  flowed,  position  the  units  in  the  muffle  entrance. 

11.  Begin  a  5-min  cool  down  to  allow  the  invested  units  to  cool  slowly. 

(To  avoid  porcelain  cracking — do  not  rush  the  case  at  this  stage . ) 

12.  Once  at  room  temperature,  remove  the  investment,  finish,  and  polish 
the  metal. 


23** 


— SECTION  9:  ATTACHMENT  2 — 


BIOBOND  II 

GENERAL  INFORMATION 

ALLOY  SYSTEM:  Nickel-Chromium-Beryllium 
13.5#  Chromium,  k%  Vanadium,  and  1.8#  Beryllium 


I. 

ALLOY  TYPE:  "NON-PRECIOUS " 

ALLOY  CONTENT:  80. 7#  Nickel 

MANUFACTURER : 

Dentsply  International,  Inc 
570  West  College  Avenue 
P.0.  BOX  872 
York,  Pennsylvania  17405 

TELEPHONE  CONTACTS: 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  233-9454,  ext.511 

COMMERCIAL  PHONE  NUMBER: 

1-(717)  845-7511,  ext.  511 

REGIONAL  SALES  REPRESENTATIVES : 

Yes 

F.D.A.  LISTED:  Yes 

"PROVISIONALLY  ACCEPTABLE" 
February  1984 


Mr.  John  Appelbaum 
ALLOY  INTRODUCED  IN:  September  1982 
A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE 


II.  PHYSICAL  DESCRIPTION 


Ingot  color  -  Platinum 
Ingot  weight  -  3  dwt  1  gr  to  3  dwt  9  gr 
Ingot  Identification  -  Roman  numeral  II 
appears  on  second  tier 


Ingot  shape  -  Raised  rectangle 
Ingots  per  package  -  Thirteen  per 

2-oz  package 

Alloy  packaging  -  2-troy-oz  packages 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  7.81  g/ cc 

Brinell  hardness  number  -  294 

Vickers  hardness  number  -  310 

Percentage  elongation  (in  1  in.)  -  9# 

Ultimate  tensile  strength  -  130,000  psi 

Yield  strength  (0.2#  offset)  -  85,000  psi 

Bond  strength  -  No  value  available 

Coefficient  of  thermal  expansion  -  Proprietary  information 

MELTING  RANGE  -  2140-2250  °F  CASTING  TEMPERATURE  -  2650  °F  (1452  °C) 

(1170-1230  °C)  ("induction  casting  only) 
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IV.  WAXING  AHD  SPRUIHG  IHSTRDCTIOHS — BIOBOND  II 


MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.3  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.3  to  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.3  to  0.5  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  DIRECT  SPRUING:  Use  an  8-  or  10-GAUGE  reservoir  sprue, 

attached  to  the  thickest  part  of  the  wax  pattern.  If 
you  elect  to  fashion  your  own  reservoir,  make  sure  it 
is  equal  in  diameter  to  the  thickest  part  of  the  wax 
pattern,  and  is  positioned  1.5  mm  from  the  pattern. 
Allow  about  1/4-in.  (6-mm)  space  between  the  top  of 
the  wax  pattern  and  the  top  of  the  casting  ring 
(Fig.  4-1). 

2.  MULTIPLE  SINGLE  UNITS  -  INDIRECT  SPRUING  is  recommended  for  multiple 

units  with  10-GAUGE  1/4-in.  length  sprues  to  each  unit 
connected  to  an  8-GAUGE  runner  bar,  which  is  attached 
to  the  sprue  former  by  offset  8-GAUGE  sprue  leads. 
Extend  the  length  of  the  runner  bar  slightly  beyond  the 
width  of  the  units  at  each  end.  Leave  1/4-in.  space 
between  the  top  of  the  wax  pattern  and  the  top  of  the 
casting  ring  (Fig.  4-2). 

3.  FIXED  PARTIAL  DENTURES  -  INDIRECT  SPRUING  is  also  recommended  for 

fixed  partial  dentures  with  10-GAUGE  1/4-in.  length 
sprues  attached  to  each  unit  connected  to  an  8-GAUGE 
runner  bar,  which  is  joined  to  the  sprue  former  by 
offset  8-GAUGE  sprue  leads.  Extend  the  length  of  the 
runner  bar  slightly  beyond  the  width  of  the  units  at 
each  end  (Fig.  4-2). 

NOTE:  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  4-2). 

4.  VENTING  -  Is  not  required. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in 

the  casting  ring,  build  up  the  sprue  former  with  wax 
and  raise  the  pattern  to  within  1/4  in.  of  the  top  of 
the  ring.  This  technique  will  facilitate  wax  elimina¬ 
tion  and  the  escape  of  gases. 
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V.  IHVESTMEHT  ABB  BURHOUT  TECHBIQUE — BIOBOHD  II 


A.  RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  The  manufacturer  does  not  market  a 
NON-CARBON  containing  casting  investment,  and  does  NOT  require  the 
use  of  such  investments  with  this  nickel-base  alloy. 


NON-CARBON  TYPE: 


Not  tested  with  this  alloy. 


CARBON  TYPE: 


Biovest  (Dentsply) 


SPECIAL  LIQUID 


DISTILLED  WATER 


11.0  cc 


2.  GYPSUM-BONDED  INVESTMENTS:  Not  recommended  for  this  alloy. 


B.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT  rather  than  Hygroscopic 

C.  MANUFACTURER’S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  KAOLINER  (Dentsply),  DRY 

We  recommend  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix)  or  other 
asbestos  substitute.  Place  liner  flush  with  the  top  of  the  casting  ring, 
but  leave  at  least  a  1/8-in.  clearance  at  the  bottom  of  the  ring.  The  1/8- 
in.  clearance  will  help  lock  the  investment  in  the  ring  when  the  investment 
expands  (Fig.  4-2).  If  additional  expansion  is  needed,  use  two  layers  of  an 
asbestos  substitute,  or  more  of  the  undiluted  special  liquid. 


D.  BURNOUT  TECHNIQUE: 


PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  ROOM  TEMPERATURE  oven,  raise 
the  temperature  to  1550  °F/843  °C  at  the  rate  of  25  °F  per  min,  and 
HEAT  SOAK  as  follows: 


a.  Single  ring  -  1  hr 

b.  Three  units  in  a  single  ring  -  1  hr 

c.  Multiple  units,  2-3  rings  -  1  hr  plus  10  min  for  each 

additional  ring. 
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VI,  MELTING  AND  CASTING  INSTRUCTIONS— BIOBOND  II 


CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  A  THERMATROL  2500  WITH  A  CARBON  CRUCIBLE): 

a.  Manufacturer's  preferred  casting  equipment  -  Centrifuge 

b.  Alternative  systems  include  -  Induction  system 

2.  CASTING  TORCH  -  Harris  l6-S  Torch  with  #1390  H  multi-orifice  tip 

3.  CASTING  CRUCIBLES  -  Quartz,  alumina,  or  clay.  DO  NOT  USE  GRAPHITE. 


QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight. 


MELTING  AND  CASTING  TECHNIQUE : 

1.  OXYGEN-GAS  RATIO  -  15  psi  OXYGEN  with  natural  gas  or  5  psi  PROPANE. 

2.  SETTING  CASTING  MACHINE  -  3-1/2  or  4  turns  are  ample. 

3.  FLAME  ADJUSTMENT  -  Adjust  the  multiple  light  blue  inner  cones  to  1/4-in. 

lengths.  The  REDUCING  ZONE  should  be  an  additional 
2-1/2-in.,  with  the  OXIDIZING  ZONE  beyond  that  for  a 
maximal  flame  length  of  approximately  8  In.  A  distinct 
hissing  sound  should  be  noted  when  the  flame  has  been 
adjusted  correctly. 

4.  APPEARANCE  OF  THE  MELT  -  Position  the  inner  blue  cone  tips  1-1/2  to 

2  in.  from  the  alloy  to  be  melted,  and  rotate  the  torch 
in  circular  motion  to  distribute  the  heat  evenly.  As 
the  alloy  begins  to  SLUMP,  an  oxide  layer  will  develop 
and  the  individual  ingots  will  NOT  flow  together. 

5.  CASTING  FLUX  -  Not  recommended. 

6.  WHEN  TO  CAST  -  When  the  molten  alloy  under  the  oxide  surface  ROLLS 

and  MOVES  with  the  motion  of  the  torch  and  SMALL 
SEPARATIONS  of  the  oxide  occur,  you  are  READY  TO  CAST. 

T.  RECOVERY  OF  CASTING  -  ALLOW  TO  BENCH  COOL;  DO  NOT  QUENCH;  DO  NOT  PICKLE. 


INDUCTION  CASTING  (Start  with  a  preheated  crucible): 

1.  Set  ARM  SPEED  between  425  and  450  rpm. 

2.  Set  POWER  CONTROL  (amperage)  to  HIGH. 

3.  Set  TEMPERATURE  to  2650  °F/l454  °C  with  a  maximum  of  5-sec  HEAT  SOAK. 

4.  When  alloy  is  PULSATING,  you  may  CAST. 
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VII.  ADJUSTING  AMD  FINISHING — BIOBOHD  II 

A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  a  Faskut  #8  metal  cut-off  disc  (Dentsply)  or 

other  similar  separating  disc  to  cut  off  the  sprue. 

2.  GRINDINGS  -  Use  suction  to  remove  grindings,  and  try  to  avoid  mixing 

non-precious  with  precious  grindings. 


B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

4.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  For  bulk  metal  removal,  use  Faskut  #10  wheel 
(Dentsply),  Faskut  Bornide  Mounted  Points,  or  other  similar  materials. 

2.  POLISHING  -  Use  removable  partial  denture  polishing  compounds,  such 
as  Ti-Cor  and  Ti-Hi  (ticonium). 

NOTE:  Non-precious  alloys  are  more  difficult  to  adjust,  polish,  and 
finish  than  their  precious  alloy  counterparts.  Therefore,  allow  more 
time  for  these  steps.  This  alloy  also  contains  NICKEL  and  BERYLLIUM,  so 
special  handling  is  recommended:  use  central  evacuation  (suction); 
limit  grinding  to  as  few  areas  as  possible;  and  wear  protective  eyewear, 
mask,  and  a  laborabory  coat. 

3.  AVOID  METAL  CONTAMINATION  -  Put  aside  a  set  of  finishing  stones  for 

this  particular  alloy,  to  prevent  contamination  of 
the  metal. 

4.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction,  using  light  pressure. 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN— BIOBOND  II 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to 
the  application  of  porcelain. 


2.  PORCELAIN- BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-jom  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  a  minimum  of  75  psi. 


3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber  wheeling 
and  air-abrading. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 


1.  LOW  temperature  setting  -  Preheat  oven  to  1740  °F  (950  °C) 

2.  HIGH  temperature  setting  -  1740  °F  (950  °C) 

3.  Rate  of  rise  -  0 


FULL  VACUUM  (26-28  in.  of  Hg) 


4 .  Atmosphere 

5 .  HOLD  time  at  HIGH  temperature  - 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  - 

b.  An  OVERoxldlzed  layer,  and 

c.  An  UNDERoxldized  layer  - 


10  min  (release  vacuum  slowly  and 
remove  casting) 

LIGHT  BLUE  color  (new  metal) 

(Slightly  darker  if  50#  remelt 
is  used) 

Both  would  have  a  BLUE  hue.  The  only 
possible  change  would  be  in  the  chroma, 
or  depth  of  the  blue. 


NOTE :  The  overoxidized  unit  would  have  a  deep  blue  oxide,  and  the 
underoxidized  oxide  would  have  a  lighter  blue  oxide  layer. 


C.  POST-OXIDATION  TREATMENT: 

RETAIN  THE  OXIDE  LAYER  -  You  may  apply  opaque  porcelain  directly  over  the 

oxide  layer.  (If  the  casting  has  been  pre-soldered, 
then  AIR-ABRADE  the  metal  to  remove  the  oxide,  prior 
to  the  application  of  opaque.) 
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IX.  PORCELAIN  COMPATIBILITY  PROFILE— BIOBOND  II 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  Information  has  been 
provided  by  the  alloy  manufacturer  (X): 

DENTAL  PORCELAIN  PORCELAIN  COMPATIBILITY 


YES  NO  MARGINAL  UNKNOWN 


1.  ARTIS-TECH  (Jeneric)  X 

2.  BIOBOND  (Dentsply)  X 

3.  CERAMCO  (Johnson  &  Johnson)  X 

k.  CRYSTAR  (Unitek)  X 

5.  JELENKO  (Jelenko)  X 

Low-  X 

6.  (BIOBOND)  SHADH4ATE  (Dentsply)  Reg-  X 

7.  VITA  (Vident)  X 

8.  WILL-CERAM  (Williams)  X 


B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES: 
Do  not  use  Shademate  Low  build-up  porcelain. 


C.  SPECIAL  HANDLING  INSTRUCTIONS:  None 
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X.  PRE-SOLDERING  INSTRUCTIONS— BIOBOND  II 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  BIOBOND  NC  High-Fusing  Non-Precious  Presolder 

(flows  2100  of/1149  °C) 

2.  FLUX  -  BIOBOND  NC  Flux 

3.  INVESTMENT  -  BIOVEST  Soldering  Investment  (Dentsply),  mixed  with 

12  cc  water  per  100  grs  powder. 


B.  SOLDERING  TECHNIQUE :  For  precise  heating,  use  the  MAGIC  WAND  torch 

(Williams)  with  its  #248  soldering  tips,  or  the  HARRIS  l6-S  torch 

with  a  2N  tip. 

1.  Grind,  with  fine  aluminum  oxide  stones,  all  surfaces  to  be  soldered. 
This  process  will  remove  debris  and  oxide  contaminants. 

2.  Create  a  GAP  DISTANCE  of  approximately  0.25  mm. 

3.  Invest  in  BIOVEST  soldering  investment;  allow  to  set  for  30  min; 
then  fashion  access  to  the  solder  joint  before  final  set. 

4.  Boil  out  wax  and  pieces  of  investment  to  clean  the  joint  area.  (If 
Duralay  is  used  to  join  the  units,  heat  to  900  °F/482  °C  and  clean.) 

5.  Apply  BI0B0ND  C&B  Fluoride  Soldering  Flux,  and  let  dry  for  15  min. 

6.  Transfer  patty  to  a  room  temperature  burnout  furnace;  increase  the 
temperature  to  800  °F  (427  °C);  and  IMMEDIATELY  PROCEED  WITH  SOLDERING 
when  you  reach  800  °F.  DO  NOT  HEAT  SOAK. 

7.  USE  5  psi  (OXYGEN)  with  NATURAL  gas  or  5  psi  PROPANE. 

8.  Establish  fine  blue  inner  cone  flame(s),  extending  3/4  in.  in  length. 
Apply  even  heat  to  joint,  until  alloy  becomes  a  DULL  RED  color. 

9.  Keep  torch  on  the  joint,  and  position  a  fluxed  solder  rod  on  the  joint. 
IMPORTANT:  Place  the  inner  blue  tip  of  the  flame  (hottest  part)  to  the 
joint  and  fluxed  solder  rod.  PUSH  the  ball  of  molten  solder  directly 
into  the  joint  gap.  Remove  the  solder  rod  by  breaking  it  away. 

10.  Move  inner  blue  cone  tip  back  1  in.  (REDUCING  ZONE),  and  maintain  heat 
until  solder  has  flowed  completely.  Use  only  the  REDUCING  ZONE  to 
prevent  GAS  CONTAMINATION. 

11.  Remove  torch;  BENCH  COOL;  adjust  and  clean  in  an  ultrasonic  unit,  for 
5-10  min,  to  remove  all  traces  of  flux  and  investment. 

12.  Total  elapsed  time  for  soldering  should  be  approximately  30  sec. 
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XI o  POST-SOLDERING  INSTRUCTIONS— BIOBOND  II 


A ,  RECOMMENDED  MATERIALS : 

1,  SOLDER  -  Use  615  Solder  (flows  at  1350  °F/732  °C) 

2 .  FLUX  -  BIOBOND  C&B  Fluoride  Flux 

7.  INVESTMENT  -  Use  BIOVEST  Soldering  Investment  rather  than  a  high-heat 
phosphate-bonded  casting  investment. 


.8 ,  SOLDERING  TECHNIQUE:  We  recommend  a  porcelain  furnace  with  a  view  port  to 

monitor  the  soldering  process.  The  manufacturer  considers  the  use  of  a 

view  port  to  be  optional. 

1.  Remove  any  edges,  debris,  or  porcelain  covering  the  metal  surfaces 
to  be  soldered. 

2.  Create  a  GAP  DISTANCE  of  0.25  mm. 

3.  Cover  all  porcelain  with  sticky  wax  to  prevent  possible  investment 
contamination  or  discoloration  of  the  glazed  porcelain. 

4.  Invest  the  units  in  BIOVEST  So] dering  Investment. 

5.  Boi]  out  wax  and  pieces  of  investment  to  clean  the  joint  area.  (If 

Duralay  is  used  to  join  the  units,  heat  to  900  °F/482  °C  and  clean.) 

6.  Flux  the  areas  to  be  soldered. 

7.  Cut  several  1/8-in.  to  1/4-in.  pieces  of  6l5  solder,  and  place  them 
in  the  joints  to  be  soldered. 

8.  Place  the  invested  units  in  the  front  of  an  opened  porcelain  furnace 

muffle,  and  preset  to  a  temperature  of  600  °F  (31o°C)  (manual  oven  with 
horizontal  muffle).  The  preset  temperature  may  be  as  high  as  900  °F 
(842°C)  for  automatic  ovens,  or  variations  in  the  horizontal  muffle. 

9.  Hold  at  the  muffle  entrance  for  15  min.  HEAT  THE  WORK  SLOWLY  AND 

CAREFULLY  TO  PREVENT  PORCELAIN  CHECKING  AND  CRACKING. 

10-  Gradually  introduce  the  investment  block  into  the  muffle,  and  increase 
the  temperature  to  1550  °F  (843  °C). 

11.  You  may  proceed  with  or  without  vacuum. 

12.  Once  1550  °F  (843  °C)  has  been  reached,  HOLD  for  1  min. 

13.  Inspect  the  soldered  units,  and  BENCH  COOL  before  devesting. 
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14.  Finish  the  soldered  joints  with  stones,  rubber  wheels,’  and  polish  to 
a  high  shine. 
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LITECAST  B 


I.  GENERAL  INFORMATION 


ALLOY  TYPE:  "NON-PRECIOUS" 


ALLOY  SYSTEM:  Nickel-Chromiura-Beryllium 


ALLOY  CONTENT:  77.5?  Nickel,  12.5?  Chromium,  4?  Molybdenum,  and  1.7?  Beryllium 
with  4.3?  Aluminum,  Iron  and  Silicon 


MANUFACTURER : 

Williams  Gold  Refining  Co. 
2978  Main  Street 
Buffalo,  New  York  1 1*214 


TELEPHONE  CONTACTS: 

Education  Department 
l-(800)  828-1538 

ALLOY  INTRODUCED  IN:  February  1980 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  828-1003 

l-(800)  1*62-7688  (in  New  York  State) 
l-(800)  852-70 66  (in  California) 
l-(800)  824-7925  (west  of  the  Rocky 
Mountains) 

COMMERCIAL  PHONE  NUMBER: 
l-(7l6)  837-1000 

REGIONAL  SALES  REPRESENTATIVES: 


F.D.A.  LISTED:  Yes 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  "ACCEPTABLE"  (1983) 


II.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Cylinder 

Ingot  weight  -  VARIES,  2  dwt  14  gr  to  3  dwt  Ingots  per  ounce  -  8  per  oz 

Ingot  Identification  -  "  W  Alloy  Packaging-  1-,  2-  or  5-troy- 

L  C  oz  packages 

B  " 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  7.4  g/cc 

Brinell  hardness  number  -  Not  determined 

Vickers  hardness  number  -  335  (after  porcelain  application) 

Percentage  elongation  (in  1  in.)  -  12? 

Ultimate  tensile  strength  -  172,000  psi  (after  porcelain  application) 

Yield  strength  (0.1?  offset)  -  112,000  psi  (after  porcelain  application) 

Bond  strength  -  No  value  available 

Coefficient  of  thermal  expansion  -  No  value  available. 


MELTING  RANGE  -  2120-2330  °F 

(1161-1277  °C) 


CASTING  TEMPERATURE 


-  2450  °F 
(1343  °C) 
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WAXING  AND  SPRUING  INSTRUCTIONS— LITECAST 


MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.3  ram 

2.  THREE- UNITS  FIXED  PARTIAL  DENTURES  -  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.5  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  an  INDIRECT  technique,  with  8-GAUGE  connector 

sprues,  2-3  mm  in  length,  to  each  pattern;  and 
attach  them  to  a  6-GAUGE  runner  bar  (distribution 
channel).  Attach  the  runner  bar  to  the  sprue  former 
with  two  offset  6-GAUGE  lead  sprues  (Fig.  4-2) . 

2.  MULTIPLE  SINGLE  UNITS  -  Use  INDIRECT  spruing  technique,  with  8-GAUGE 

connector  sprues,  2-3  nm  in  length,  to  each  pattern; 
and  attach  them  to  a  runner  bar  (distribution  channel). 
Attach  the  runner  bar  to  the  sprue  former  with  two 
offset  6-GAUGE  lead  sprues. 

3.  FIXED  PARTIAL  DENTURES  -  Use  INDIRECT  spruing  technique,  with  8-GAUGE 

connector  sprues,  2-3  mm  in  length,  to  each  wax  pattern. 
Attach  them  to  a  runner  bar  (distribution  channel)  which 
extends  slightly  beyond  the  ends  of  the  patterns. 

NOTE ;  Adjust  the  connector  or  runner  bar  to  conform  to  the  contour  of 
the  fixed  partial  denture;  cut  the  bar;  and  rewax  it  to  eliminate  wax 
memory.  Design  any  INDIRECT  spruing  system  so  the  runner  bar  is  in  the 
heat  center  of  the  casting  ring  (Fig.  4-2). 

4.  VENTING  -  You  may  include  a  blind  vent,  attached  to  the  thickest  por¬ 

tion  of  each  wax  pattern,  to  help  cool  the  restoration 
first.  However,  this  step  is  not  required. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax  and 
raise  the  pattern  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  facilitates  casting  solidifica¬ 
tion  and  the  escape  of  gases.  Design  the  spruing  system 
so  that  any  reservoir  is  in  the  HEAT  CENTER  of  the 
casting  ring,  with  the  wax  patterns  in  a  "COLD  ZONE" 
(Fig.  4-2). 


INVESTMENT  AND  BURNOUT  TECHNIQUE— LITECAST  B 


A.  RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  A  NON-CARBON-containing  investment  (white 
color)  is  preferred.  Increase  burnout  time  if  a  CARBON-containing  in¬ 
vestment  (black  color)  is  used. 


NON-CARBON  TYPE: 


a.  Vestra-fine  (Unitek) 

b.  Hi -Temp  (Whip-Mix)  - 


SPECIAL  LIQUID 


T.Y5  cc 


DISTILLED  WATER 


7.75  cc 


4.5  cc 


4.5  cc 


CARBON  TYPE: 

Not  used  with  this  alloy. 

2.  GYPSUM-BONDED  INVESTMENTS:  Not  recommended  for  this  alloy. 


B.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT 


C.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Unspecified. 

We  prefer  to  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix), 
rather  than  ASBESTOS  FREE  LINER  (Degussa),  NOBESTOS  (Jelenko),  or 
KAOLINER  (Dentsply).  Place  the  liner  flush  with  the  top  of  the  casting 
ring,  with  at  least  1/8-in.  clearance  at  the  bottom  of  the  ring.  The 
1/8-in.  clearance  will  lock  the  investment  in  the  ring  when  the  investment 
expands . 


D.  BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT :  Use  a  TWO-STAGE  BURNOUT  TECHNIQUE;  start 
with  a  COLD  oven;  raise  temperature  to  500  °F  (260  °C)  at  the  rate  of 
25  °F/min.;  HEAT  SOAK  at  Stage  One;  raise  the  temperature  to  1500  °F 
(815  °C)  at  the  rate  of  25  °F/min;  and  HEAT  SOAK  again,  as  indicated: 


Time  at  500  °F(2bO  °C)  Time  at  1500  °F(8l5  °C) 


a.  Single  units 


30  min 


b.  Three  units  in  a  single  ring  -  30  min 

c.  Multiple  units,  2-3  rings  -  30  min 


45  min 
45  min 
45  min 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— LITECAST  B 


A.  CASTING  EQUIPMENT : 

1.  CASTING  MACHINE  (DO  NOT  USE  THERMATROL  2500  WITH  CARBON  CRUCIBLE): 

a.  Manufacturer's  recommendation  -  Williams  Inductocast  Machine 

b.  Alternative  systems  include  -  Centrifuge 

2.  CASTING  TORCH  -  Harris  l6-S  with  a  #1390  H  multi-orifice  tip. 

(Williams  recommends  their  MAGIC  WAND  Torch.) 

3.  CASTING  CRUCIBLES  -  Quartz  or  alumina. 

B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l)  .  * 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/ 50#  by  weight. 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50)5  by  weight. 


C.  MELTING  AND  CASTING  TECHNIQUE: 

1.  OXYGEN-GAS  RATIO  -  Use  10  psi  OXYGEN  and  5  psi  NATURAL  GAS. 

2.  SETTING  CASTING  MACHINE  -  Add  1  extra  turn  for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  The  multiple  light  blue  inner  cones  should  be  set  to 

1/2-  to  3/4-in.  lengths  with  a  maximum  flame  length  of 
10-1/2  to  10-3/!+  in. (Fig.  4-12). 

4.  APPEARANCE  OF  THE  MELT  -  Place  ingots  in  the  crucible  on  their  rounded 

edge,  and  direct  the  flame  to  the  larger  flat  surface. 
Put  recast  alloy  (buttons)  on  the  BOTTOM,  and  ingots 
on  TOP;  but  ensure  TIGHT  CONTACT.  Hold  the  torch  tip 
2  in.  above  the  metal,  with  the  flame  perpendicular  to 
the  alloy.  Guide  the  flame  in  a  slight  circular 
motion,  with  alloy  in  the  REDUCING  ZONE  of  the  flame. 

5.  CASTING  FLUX  -  Do  NOT  use  casting  flux  or  attempt  to  remove  oxides. 

6.  WHEN  TO  CAST  -  When  the  ingots  are  RED  HOT,  reduce  the  rotation,  but 

maintain  in  the  REDUCING  ZONE.  The  tops  of  the  ingots 
will  turn  WHITE  HOT;  the  WHITE  HEAT  will  spread  through¬ 
out  the  ingots;  the  tops  will  begin  to  SLUMP;  and  the 
WHITE  HEAT  will  spread  to  the  bottom  of  the  ingots. 

When  the  ingots  COLLAPSE,  they  are  ready  to  cast.  THE 
FORMATION  OF  AN  OXIDE  LAYER  IS  NORMAL. 

7.  RECOVERY  OF  CASTING  -  BENCH  COOL;  DO  NOT  QUENCH;  DO  HOT  PICKLE. 

D.  INDUCTION  CASTING: 

1.  Set  speed  between  400  and  500  RPM. 

2.  Set  temperature  to  2450  °F  (1345  °C) . 

3.  CAST  at  temperature. 

*  At  close  of  text. 
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VII.  ADJUSTING  AND  FINISHING — LITECAST  B 

REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  GRINDINGS  -  Use  central  air  evacuation  to  remove  grindings,  and 

avoid  mixing  non-precious  with  precious  materials. 


FITTING  THE  CASTING: 

1.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade.  A  THICK  CASTING 
OXIDE  is  the  best  evidence  of  overheating,  prolonged 
heating,  or  improper  spruing.  When  the  investment  is 
difficult  to  remove  from  the  casting  and  literally 
adheres  to  the  surface,  the  alloy  was  overheated. 

2.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

3.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

U.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 

FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  stones,  carbide  burs,  and  burlew  wheels. 

2.  POLISHING  -  Use  removable  partial  denture  polishing  compounds,  such 

as  Ti-Cor  and  Ti-Hi  (Ticonium),  rather  than  Buffing 
Bar  Compound  (BBC). 

NOTE:  Non-precious  alloys  are  more  difficult  to  adjust,  polish,  and  finish 
than  their  precious  alloy  counterparts.  Therefore,  allow  additional  time 
for  these  steps.  Litecast  B  also  contains  NICKEL  and  BERYLLIUM,  so 
special  handling  is  recommended:  use  central  evacuation  (suction);  limit 
grinding  to  as  few  areas  as  possible;  and  wear  protective  eyewear,  a  mask, 
and  a  laboratory  coat. 

3.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for 

this  particular  alloy,  to  prevent  metal  contamination. 

U.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface  in 
one  direction. 


PREPARATION  OP  THE  METAL  FOR  PORCELAIN— LITECAST  B 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to 
the  application  of  porcelain. 

2.  PORCELAIN  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50->um  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate;  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber  wheeling 
and  air-abrading. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1200  °F  (649  °C) 

2.  HIGH  temperature  setting  -  1850  °F  (1010  °C) 

3.  Rate  of  rise  -  100  °F  (55  °C) 

4.  Atmosphere  -  FULL  VACUUM  (26-28  in.  of  Hg) 

5.  HOLD  time  at  HIGH  temperature  -  5  min,  under  VACUUM 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  MULTI-HUED  TO  LIGHT  GRAY  color 

(surface  finish  will  influence  the 
appearance  of  the  oxide) 

b.  An  OVERoxidlzed  layer  -  DARK  GRAY  or  GREEN  color 

(air-abrade;  clean;  and  reoxidize  at 
a  lower  temperature) 

c.  An  UNDERoxidized  layer  -  NO  READILY  DISCERNIBLE  color 

(reoxidize  at  a  higher  temperature) 

C.  POST-OXIDATION  TREATMENT: 

1.  RETAIN  THE  OXIDE  LAYER  -  You  may  apply  opaque  porcelain  directly 

over  the  oxide  layer. 


2.  DO  NOT  AIR-ABRADE. 
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provided  by  the  alloy  manufacturer 

DENTAL  PORCELAIN 

1.  ARTIS-TECH  (Jeneric) 

2.  BIOBOHD  (Dentsply)  - 

3.  CERAMCO  (Johnson  &  Johnson) 
h.  CRYSTAR  (Unitek)  - 

5.  JELEHKO  (Jelenko) 

Low- 

6.  (BIOBOND)  SHADEMATE  (Dentsply)  Reg- 

7.  VITA  (Vident)  - 

8.  WILL-CERAM  (Williams)  - 


The  following  information  has  been 

PORCELAIN  COMPATIBILITY 

YES  NO  MARGINAL  UNKNOWN 
X 
X 
X 
X 
X 

X 

X 

X 

X 


IX.  PORCELAIN  COMPATIBILITY— LITECAST  B 

A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART. 

7x): 


B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  None 


C.  SPECIAL  HANDLING  INSTRUCTIONS:  None 
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X.  PRE-SOLDER IHG  IHSTRUCTIOHS — LITECAST  B 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  Will-Ceram  Super  Solder  (flows  at  about  2075  °F/1135  °C) 

2.  FLUX  -  Williams  High  Fusing  Bondal  Flux 

3.  INVESTMENT  -  Use  Hi-Heat  Soldering  Investment  (Whip-Mix),  or  a  high- 
heat  casting  investment  with  distilled  water  (no  special  liquid). 


B.  SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  Torch  (Williams)  with  its  #248 

torch  tip  or  the  HARRIS  16-S  torch  with  a  2N  tip,  for  precise  heating. 

(Use  5  psi  OXYGEN  and  2  psi  NATURAL  GAS.) 

1.  Grind,  with  aluminum  oxide  stones,  all  surfaces  to  be  soldered.  This 
process  removes  oxides  or  contaminants  which  would  impede  pre-soldering. 

2.  Create  a  GAP  DISTANCE  of  approximately  0.3  mm. 

3.  Mix  investment  so  it  is  thick;  turn  the  fixed  partial  denture  upside 
down;  fill  the  inside  of  the  castings  with  the  mix;  and  invert  onto 
a  patty  of  investment.  Do  not  let  the  castings  settle  into  the 
investment.  Keep  investment  patty  as  small  as  possible. 

4.  Allow  the  investment  to  reach  final  set;  trim;  smooth  to  remove  sharp 
angles;  and  allow  to  dry  thoroughly. 

5.  Apply  heat  in  excess  of  800  °F  (427  °C)  to  eliminate  the  wax  or 
acrylic  resin  joint  (Duralay);  dry  thoroughly;  remove  from  furnace; 
cool  to  room  temperature.  (Carbon  will  burn  off  at  800  °F  /  427  °C  , 
and  a  dry  investment  will  draw  less  heat  from  the  parent  metal.) 

6.  Blast  THROUGH,  not  down  into,  the  connector  (joint)  area  with  uncantam- 
inated  50-^un  alumina  oxide  to  remove  the  oxides.  (Oxides  will  impede, 
if  not  prevent,  the  solder-parent  metal  union.) 

7.  You  now  want  to  GLAZE  your  solder  rod.  First,  heat  the  rod  to  a  DULL 
ORANGE  color;  dip  the  rod  in  the  flux,  and  you  should  hear  it  sizzle. 

(A  GLAZED  solder  rod  will  act  to  retain  the  flux  on  the  outside  of  the 
connector,  and  prevents  its  incorporation  into  the  soldered  joint.  Only 
a  thin  glaze  is  necessary.) 

8.  WEAR  DARK  GLASSES  IN  ORDER  TO  SEE  AT  THESE  PRE-SOLDER  TEMPERATURES,  AS 
WELL  AS  TO  PROTECT  YOUR  EYES  FROM  INJURY. 

9.  Heat  the  parent  metal  with  the  REDUCING  atmosphere  at  the  end  of  the 
inner  blue  cones  to  prevent  OXIDE  FORMATION,  and  introduce  the  GLAZED 
solder  rod  to  the  connector  area  from  the  occlusal. 

10.  Solder  should  flow  on  contact,  but  ensure  Joint  is  filled  before 
removing  the  reducing  flame.  BENCH  COOL.  Finish  and  polish. 
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XI.  POST-SOLDERING  INSTRUCTIONS — LITECAST  B 


A.  RECOMMENDED  MATERIALS:  The  PFM  units  are  assumed  to  have  been  glazed  and 
polished;  and  the  metal  substructures  have  been  designed  appropriately  for 
the  post-soldering  procedure. 

1.  SOLDER  -  Williams  Low  Fusing  Solder  (flows  at  1350  °F/732  °C) 

2.  FLUX  -  Williams  Bondal  Flux 

3.  INVESTMENT  -  Use  High-Heat  Soldering  Investment  (Whip-Mix)  or  a 
high-heat,  non-carbon  casting  investment  with  distilled  water  (no 
special  liquid). 


B.  POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  procedure.  It 

is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred  to 

as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Invest  in  the  normal  manner  for  oven  soldering.  (Protect  all  glazed 
porcelain  surfaces  by  covering  them  with  colorless  wax.) 

2.  Once  the  Investment  has  set,  heat  the  invested  work  to  800  °F  (427  °C) 
to  remove  the  wax  or  acrylic  resin  uniting  the  units. 

3.  Air-abrade  the  joints  with  50-jim  aluminum  oxide  to  clean  them. 

4.  Flux  each  joint  LIGHTLY. 

5.  Dip  the  solder  in  #7  Flux  (Williams)  and  place  it  in  a  Bunsen  burner 
flame  at  the  tip  of  the  inner  blue  cone.  The  solder  will  immediately 
ball  up.  Remove  the  ball  from  the  flame,  and  allow  to  cool. 

6.  Cut  the  solder  approximately  1/4  in.  frcm  the  ball,  thus  leaving  a  small 
tail.  Place  one  ball  (tall  first)  in  small  joints,  and  two  balls  in 
larger  connector  areas. 

7.  Vacuum-fire  the  case  to  approximately  1400  °F  (760  °C). 

8.  Hold  at  1400  °F  (760  °C)  for  2-3  min. 

9.  The  solder  should  flow  readily  and  fill  the  joint  space (s). 

10.  Withdraw  the  soldered  work  to  the  muffle  door,  and  cool  the  work 
slowly. 

11.  Remove  the  investment  and  polish  the  joint  areas. 
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REXILLIUM  III 


I.  GENERAL  INFORMATION 

ALLOY  TYPE:  "NON-PRECIOUS"  ALLOY  SYSTEM:  Nickel-Chromium-Beryllium 

ALLOY  CONTENT:  74-78?  Nickel,  12-15?  Chromium,  4-6?  Molybdenum,  and 
1.8?  (max.)  Beryllium 

MANUFACTURER : 

Rx.  Jeneric  Gold  Company  TOLL-FREE  PHONE  NUMBER: 

Jeneric  Industries,  Inc.  l-(800)  243-3969,  Ext.  212  or  310 

P.0.  Box  724 

Wallingford,  Connecticut  06492  COMMERCIAL  PHONE  NUMBER: 

l-(203)  265-7397  (in  Connecticut 
and  outside  U.S.,  call  "Collect") 

TELEPHONE  CONTACT:  REGIONAL  SALES  REPRESENTATIVES: 

Laboratory:  Mr.  Grant  Day  None 

Mr.  Rick  Tobe 

Research:  Dr.  Arun  Prasad 

ALLOY  INTRODUCED  IN:  1975  F.D.A.  LISTED:  Yes 

A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  "ACCEPTABLE"  (1982) 


II.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  Cylinder 

Ingot  weight  -  Approximately  3.5  dwt  Ingots  per  ounce  -  6  or  7 

Ingot  identification  -  NONE  Alloy  packaging  -  1  or  5  oz 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  7.75  g/ cc 

Brinell  hardness  -  240 

Vickers  hardness  -  255 

Percentage  elongation  (in  1  in.)  -  9~12? 

Tensile  strength  -  155,000  (1,090  kg/mm2) 

Modulus  of  elasticity  -  28  x  106  psi  (198,000  kg/mra2) 

Yield  strength  (0.2?  offset)  -  74,000  psi  (520  kg/mm2) 

Bond  strength  -  13,000  psi 

Coefficient  of  thermal  expansion  -  0.595?  at  450  °C 


MELTING  RANGE  -  2250-2350  °F 
(1232-1238  °C) 


CASTING  TEMP  -  2425-2650  °F 
(1329-1454  °C) 
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WAXXBG  AID  SPRUING  IISTRUCTIOHS — REXILLIUM  III 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 


1.  SINGLE  UNITS  -  0.2  mm 


2.  THREE- UNIT  FIXED  PARTIAL  DENTURE  -  0.3  mm 

3.  FIXED  PARTIAL  DENTURE  GREATER  THAN  3  UNITS  -  0.3  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 


1.  SINGLE  UNITS 


Use  the  DIRECT  METHOD,  with  1/4  in.  long  10-GAUGE 
sprues  for  small  units;  and  6  or  8  GAUGE,  1/4  in. 
long  sprues  for  larger  ones  (Fig.  4-1). 


2.  MULTIPLE  SINGLE  UNITS  -  INDIRECT  SPRUING  is  recommended  for  multiple 

units  with  1/4  in.  long  8-  or  10-GAUGE  sprues  (depend¬ 
ing  on  the  size  of  the  crown,  pontic,  or  coping)  con¬ 
nected  to  a  6-  or  8-GAUGE  runner  bar .  Extend  the 
length  of  the  runner  bar  slightly  beyond  the  width  of 
the  units  at  each  end.  Use  6-  or  8-GAUGE  offset  sprue 
leads  to  Join  the  runner  bar  to  the  sprue  former 
(Fig.  4-2). 

3.  FIXED  PARTIAL  DENTURES  -  INDIRECT  SPRUING  is  recommended  for  multiple 

units  with  1/4  in.  long,  8-  or  10-GAUGE  sprues  (depend¬ 
ing  on  the  size  of  the  crown,  pontic,  or  coping)  con¬ 
nected  to  a  6-  or  8-GAUGE  runner  bar.  Extend  the 
length  of  the  runner  bar  slightly  beyond  the  width  of 
the  units  at  each  end.  Use  6-  or  8-GAUGE  offset  sprue 
leads  to  Join  the  runner  bar  to  the  sprue  former. 

NOTE:  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax  (Fig.  4-2). 


4.  VENTING  - 


Use  18-GAUGE  wire  wax  approximately  1.0  mm  from  the  gingival 
or  marginal  edge  of  the  facial  margin.  Extend  the  vent 
down  to  the  outer  edge  of  the  sprue  former  base.  DO 
NOT  CONNECT  THE  VENT  TO  THE  SPRUE  FORMER  BASE. 


5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring;  build  up  the  sprue  former  with  wax.  This 
technique  will  facilitate  wax  elimination  and  the  escape 
of  gases.  Arrange  the  spruing  system  so  the  reservoir 
portion  is  in  the  HEAT  CENTER  of  the  casting  ring,  with 
the  wax  patterns  in  a  COLD  ZONE  (Fig.  4-2). 
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V.  INVESTMENT  AM)  BURNOUT  TECHNIQUE— REXILLIUM  III 

A.  RECOMMENDED  INVESTMENT: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  Begin  with  undiluted  special  liquid 
and,  if  too  much  expansion  results,  dilute  to  50%  special  liquid  and 
50%  distilled  water . 

NON-CARBON  TYPE:  SPECIAL  LIQUID 

a.  Hi-Temp  (Whip  Mix)  -  9.5  cc 

b.  Deguvest  HFG  (Degussa)  -  9*5  cc 

CARBON  TYPE:  Not  tested  with  this  alloy. 

NOTE :  A  carbon-containing  investment  may  be  used  with  this  alloy,  but 
all  carbon  must  be  eliminated  during  burnout. 

2.  GYPSUM-BONDED  INVESTMENTS:  Not  recommended  by  manufacturer. 

B.  INVESTMENTS  NOT  RECOMMENDED  BY  MANUFACTURER: 

1)  Complete;  2)  Biovest;  3)  Ceramigold  II;  and  4)  ANY  GYPSUM  INVESTMENT 


DISTILLED  WATER 
0 
0 


C.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT  rather  than  hygroscopic 

D.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  KAOLINER  (Dentsply),  DRY 

You  may  also  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix)  or 
NOBESTOS  (Jelenko).  Place  liner  flush  with  the  top  of  the  casting  ring, 
but  leave  at  least  2/8-in.  clearance  at  the  bottom  of  the  ring.  The  1/8- 
in.  clearance  will  help  lock  the  investment  in  the  ring  when  the  investment 
expands  (Fig.  4-2).  If  additional  expansion  is  needed,  use  two  layers  of 
asbestos  substitute  and  more  special  liquid  with  less  distilled  water. 


E.  BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENTS:  Start  with  a  COLD  oven  and  raise  to 

1600  °F(871  °C),  then  HEAT  SOAK  as  follows: 

a.  Single  ring  -  1  hr,  add  10  min  for  each  additional  ring 

b.  Three  units  in  a  single  ring  -  1  hr  and  15  min 


c.  Multiple  units,  2-3  rings 


2  hr. 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS — REXXLLIUM  III 


A.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  THERMATROL  2500  WITH  CARBON  CRUCIBLES): 

a.  Manufacturer  preferred  casting  equipment:  Induction  System 

b.  Alternative  systems  include:  Centrifugal,  broken-arm  casting  machine 

2.  CASTING  TORCH  -  Harris  l6-S  with  #1390  H  multi-orifice  tip 

3.  CASTING  CRUCIBLE  -  Quartz  or  alumina;  DO  NOT  USE  CLAY  OR  CARBON  TYPE. 


B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50#  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  30/70#  by  weight. 


C.  MELTING  AND  CASTING  TECHNIQUE: 


1.  OXYGEN-GAS  RATIO 


30  psi  (OXYGEN),  or  3~5  psi  (PROPANE). 


2.  SETTING  CASTING  MACHINE  -  Add  one  turn  to  casting  machine  to  compensate 

for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  Adjust  torch  to  produce  inner  blue  cones  which  are 

1/4  in.  in  length  and  create  a  distinct  hissing  sound. 

NOTE:  The  actual  length  of  the  inner  blue  cones  in  the  neutral  condition 
depends  on  the  flow  and  the  regulated  pressure  of  both  the  oxygen  and 
the  gas  (Fig.  4-12). 

4.  APPEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  crucible,  and 

keep  the  torch  moving  in  a  rotating  motion  to  heat  all 
the  metal  evenly.  OXIDES  will  form  around  each  ingot 
or  button,  and  prevent  their  coalescence  or  pooling. 

5.  CASTING  FLUX  -  Not  recommended.  Do  not  disturb  oxide  layer. 

6.  WHEN  TO  CAST  -  When  the  alloy  starts  to  SLUMP  or  SAG,  place  the  casting 

ring  in  position.  CAST  the  metal  after  the  dark 
shadow  disappears,  and  the  pressure  of  the  flame 
causes  molten  alloy  inside  the  oxide  skin  to  move. 


7.  RECOVERY  OF  CASTING 


Bench  cool  for  at  least  5  min;  then  quench. 


D.  INDUCTION  CASTING  (Start  with  a  preheated  crucible): 

1.  Set  ARM  SPEED  between  400  and  450  RPM. 

2.  Set  POWER  to  HIGH. 

3.  Make  sure  alloy  is  PULSATING  and  SLUMPING. 

4.  Automatic  Casting  Equipment  -  2500  °F  (1371  °C),  with  5-sec  HEAT  SOAK. 
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*  At  close  of  text. 
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VII.  ADJUSTING  AM)  FINISHING — REXILLIUM  III 

A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  GRINDINGS  -  Use  suction  to  remove  grindings,  and  try  to  avoid 

mixing  non-precious  with  precious  grindings. 


B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

4.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  stones,  carbide  burs,  and  bur lew  wheels. 

2.  POLISHING  - 

a.  Use  Rx  NP  Polishing  Compounds  #  1  and  tf  2,  or  similar  materials; 

b.  or  use  removable  partial  denture  polishing  compounds,  such  as 
Ti-Cor  and  Ti-HI  (Ticoniura),  rather  than  BBC  (Jelenko). 

NOTE:  Non-precious  alloys  are  more  difficult  to  adjust,  polish,  and  finish 
than  their  precious  alloy  counterparts.  Therefore,  allow  additional  time 
for  these  steps.  Rexillium  III  also  contains  NICKEL  and  BERYLLIUM,  so 
special  handling  is  recommended:  use  central  evacuation  (suction);  limit 
grinding  to  as  few  areas  as  possible;  and  wear  protective  eyewear,  mask, 
and  a  laboratory  coat. 

3.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for  this 

particular  alloy,  to  prevent  contamination  of  the  metal. 

4.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction,  using  light  pressure. 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN — REXILLIUM  III 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  ( lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to 
the  application  of  porcelain. 

2.  PORCELAIN-BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-Jum  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber  wheeling 
and  aii — abrading. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1200  °F  (6^9  °C) 

2.  HIGH  temperature  setting  -  1775-1800  °F  (968-982  °C) 


3.  Rate  of  rise  -  90-100  °F  (50 

4.  Atmosphere  -  FULL  VACUUM  (26 

5.  HOLD  time  at  HIGH  temperature 

6.  Appearance  of  the  oxide  layer: 

a.  A  FR0PERLY  oxidized  layer 

b.  An  QVERoxidized  layer 

c.  An  UNDERox id i zed  layer 

C.  POST- OX  I  DA  'i  I  OH  TREATMENT: 


55  °C) 

■28  in.  of  Hg) 
-  None 


-  YELLOWISH-BROWN  (straw)  color 
DARK  REDDISH-BROWN  color 
(Air-abrade;  clean;  and  reoxidize  at  a 
lower  temperature. ) 

BLUISH  color 

(Reoxidize  at  a  higher  temperature. ) 


1.  RETAIN  THE  OXIDE  LAYER 


You  may  apply  opaque  porcelain  directly 
over  tin  oxide  layer. 


I 
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IX.  PORCELAIN  COMPATIBILITY— REXILLIUM  III 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART.  The  following  information  has  been 
provided  by  the  alloy  manufacturer  (X)  or  represents  the  opinions  of  the 
author  (0)  for  single  unit  castings.* 

DENTAL  PORCELAIN  PORCELAIN  COMPATIBILITY 


YES  NO  MARGINAL  UNKNOWN 


1 . 

ARTIS-TECH  (Jeneric) 

X 

2. 

BIOBOND  (Dentsply) 

X 

3. 

CERAMCO  (Johnson  &  Johnson) 

X 

n. 

CRYSTAR  (Unitek) 

X 

NO  post-soldering,  please  explain 

5. 

JELENKO  (Jelenko) 

X 

6. 

(BIOBOND)  SHADEMATE  (Dentsply)  Low  - 

X 

Reg  - 

X 

7. 

VITA  (Vident) 

X 

0* 

8. 

HILL-  CERAM  (Williams) 

X 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES: 

1 .  Post-soldering  with  CRYSTAR  porcelain. 

2.  We  have  observed  cracking/crazing  of  Vita  porcelain  during  the  cooling 
cycle — an  indication  that  the  Rexillium  III  and  Vita  porcelain  may  not  be  as 
compatible  as  believed.  Rx.  Jeneric  has  an  alloy  specifically  designed  for 
Vita  porcelain,  Rexillium  V. 

C.  SPECIAL  HANDLING  INSTRUCTIONS:  Restorations  fabricated  with  either  Siobond 
or  Crystar  porcelain  and  Rexillium  III  should  be  fast  cooled. 


I 
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X.  PRE-SOLDERIBG  IBSTRUCTIOBS — REXILLIUM  III 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Non-preclous  Rx  NNP  Solder  (liquidus  1850-1975  °F/1010-1079  °C); 

precious  Rx  PNP  (flows  2075-2130  °F/1135-ll66  °C) 

2.  FLUX  -  High  temperature  fluoride  flux  Rx  NNP,  or  like  material 

3.  INVESTMENT  -  Hi-Heat  Soldering  Investment  (Whip-Mix),  or  a  NON-CARBON 
high-heat  casting  investment  with  water  (no  special  liquid). 

B.  PRE-SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  torch  (Williams)  with  its 

#248  tip,  or  the  HARRIS  16-S  torch  with  a  2N  tip. 

1.  Grind,  with  aluminum  oxide  stones,  all  surfaces  to  be  soldered.  This 
process  removes  oxides  or  contaminants  which  would  impede  pre-soldering. 

2.  Create  a  GAP  DISTANCE  of  approximately  0.3  mm. 

3.  Mix  investment  so  it  is  thick;  turn  fixed  partial  denture  upside  down; 
fill  the  inside  of  the  castings  with  the  mix;  add  a  little  extra  on 
top;  and  Invert  onto  a  patty  of  investment.  Do  not  let  the  casting 
settle  into  the  Investment. 

4.  Allow  investment  to  reach  final  set;  place  in  an  oven  at  a  temperature 
of  1000  °F  (540  °C)  for  20  min. 

5.  The  heat  source  may  be  OXYGEN  (5  psi)  and  natural  GAS  (2  psi). 

[IDEALLY,  manufacturer  recommends  OXYGEN  (5  psi)  and  PROPANE  (2  psi).] 

6.  Adjust  torch  to  establish  LIGHT  BLUE  inner  cone  flame (s)  (NEUTRAL 
FLAME),  approximately  1/2  in.  long. 

7.  Drip  the  Rx  NNP  high-heat  solder  rod  in  the  Rx  NNP  flux,  and  try  to  put 
as  much  flux  on  the  rod  as  it  will  hold;  remove  the  invested  bridge 
from  the  oven;  and  apply  the  flux  to  the  joint  to  be  soldered.  The 
flux  should  flow  through  the  joint.  Pull  the  solder  rod  away,  and  heat 
the  joint  to  bring  the  parent  metal  to  a  red  hot  (ORANGE-WHITE)  color. 

At  this  time,  put  the  solder  rod  TO  THE  JOINT  AREA,  and  the  solder 
should  flow  with  the  heat  of  the  parent  metal. 

8.  Remove  the  solder  rod;  pull  back  on  the  torch,  but  keep  the  bridge  under 
the  flame  for  about  5  sec  to  achieve  a  chemically  bonded  solder  joint. 

9.  ALLOW  TO  BENCH  COOL  and  repolish  the  metal. 

10.  Follow  the  foregoing  procedures  when  using  the  PRECIOUS  SOLDER  (Rx  PNP, 
and  the  Rx  PNP  Flux). 
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XI.  POST-SOLDERING  INSTRUCTIONS— REXILLIUM  III 


A.  RECOMMENDED  MATERIALS:  The  porcelain  units  are  assumed  to  have  been 
glazed  and  polished,  and  the  metal  substructures  designed  appropriately 
for  the  post-soldering  procedure. 

1.  SOLDER  -  Rx  Low  Fusing  Solder  (melting  range  1155-1225  °P/ 624-663  °C). 


VVV’- 
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2.  FLUX 


Use  of  Rx  Low  Fusing  Flux  is  optional. 


3.  INVESTMENT  -  Same  as  pre-soldering  technique. 


B.  POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  procedure.  It 
is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred  to 
as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Invest  in  the  normal  manner  for  oven  soldering.  (Protect  all  glazed 
porcelain  surfaces  by  covering  them  with  wax.) 


.  <- 
.VV.V.V.V 


2.  Flux  the  joint  generously. 

3.  Cut  and  place  small  pieces  of  solder  in  the  joint.  (Feed  more  into  it 
if  needed — in  molten  state,  only.) 

4.  Dry  the  investment  slowly  and  thoroughly. 

5.  Air-fire  the  work  in  a  porcelain  oven  at  approximately  1^00  °F  (760  °C). 

6.  The  solder  should  flow  readily,  and  fill  the  joint  space (s). 


•  a  -v 
:  nv.v  v.-v 


mm 


7.  Cool  the  work  slowly;  remove  the  investment,  and  polish  the  joint  areas. 


V..v.V.v> 
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THE  NICKEL-CHRQMXUM  BERYLLIUM-FREE  ALLOYS 


10-1.  GENERAL  DESCRIPTION 

The  one  alloy  evaluated  from  this  particular  alloy  group  contained  64$ 
nickel,  22$  chromium,  and  9 $  molybdenum,  plus  an  additional  5#  of  the  minor 
alloying  elements  iron,  columbium  (or  niobium),  and  tantalum.  The  nickel- 
chromium  beryllium-free  alloys  offer  a  nickel-base  alternative  to  those  who 
fear  that  beryllium  poses  a  potentially  harmful  health  risk.  At  present, 
the  extent  of  any  risk  of  berylliosis  to  members  of  the  dental  community  is 
not  certain.!  Therefore,  the  exact  nature  of  this  problem  remains  under 
study  and  is  not  completely  clear.  However,  berylliosis  may  not  be  the  only 
potentially  harmful  side  effect  of  chronic  beryllium  exposure  for  technicians, 
clinicians,  and  dental  patients. 

Certainly,  the  removal  of  beryllium  changed  the  character  of  this  nickel- 
base  alloy,  eliminating  the  many  favorable  contributions  of  beryllium.  If  the 
rationale  for  the  development  of  this  alloy  group  was  a  concern  for  the  health 
and  safety  of  the  consumer,  this  logic  has  failed;  for  the  controversy  surround¬ 
ing  the  biocompatibility  of  nickel  has  not  been  addressed.  Of  the  two  elements, 
nickel  appears  to  hold  more  risk  potential  than  beryllium.  Nickel  will  remain 
in  contact  with  the  patient's  oral  tissues  as  long  as  the  restoration  is  in 
place.  On  the  other  hand,  simple  protective  measures  (such  as  the  use  of  a 
laboratory  coat,  a  surgical  mask,  and  high-speed  air  evacuation)  can  apparently 
control  beryllium  dust.  Additional  information  has  become  available  on  the 
intraoral  behavior  of  nickel-base  beryllium-containing  alloys  which  might  alter 
present  thinking  in  this  area.2>3 

Beryllium  plays  an  important  role  in  an  alloy  by  lowering  the  melting 
range,  controlling  oxidation,  establishing  an  etchable  nickel-beryllium  phase, 
and  improving  polishability.  Remove  the  beryllium,  for  whatever  reason,  and 
these  features  are  lost.  If  a  laboratory  using  beryllium-free  nickel-chromium 
alloys  were  to  produce  cast-metal  resin-bonded  retainers  (Maryland  Bridges), 
it  would  have  to  adopt  the  Unitek  Duralingual  technique  or  (other  similar 
approach)  for  mechanical  retention.  Otherwise,  the  laboratory  would  need  to 
add  an  etchable,  beryllium-containing,  nickel-base  alloy  to  its  inventory. 


In  some  castability  studies  using  the  polyester  sieve  cloth  as  the  test 
pattern,**  the  beryllium-free  nickel-base  alloys  yielded  more  Incomplete  cast¬ 
ings  than  those  nickel-base  alloys  containing  beryllium. Without  beryllium. 


more  oxides  are  produced  which,  in  turn,  may  clog  the  delicate  mesh  pattern 
and  prevent  complete  castings.®  Whether  the  mesh  model  is  a  fair  evaluator  for 


the  castability  of  nickel-base  alloys  is,  in  itself,  another  issue.  Anusavice 


assessed  a  castability  study  by  Whitlock  et  al.  and  concluded  that  the  beryllium 
containing  nickel-base  alloys  were  not  superior  to  the  beryllium-free  group. T 
Large  differences  between  the  two  groups  of  alloys,  in  emissivity  values  and 


in  the  use  of  induction  casting,  were  considered  responsible  for  the  observed 
castability  differences 
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Like  the  nickel-base  alloys,  in  general,  the  alloys  in  this  group  would  be 
expected  to  produce,  on  heating,  an  oxide  skim  which  would  prevent  molten 
ingots  and/or  buttons  from  pooling  together  (Fig.  10-1).  The  nickel-chromium 
beryllium-free  alloys  which  contain  boron  (B)  will  pool  during  melting,  and 
remain  an  exception  to  this  generalization. 8» 9  in  addition,  a  substantial 
dark  oxide  layer  was  quite  apparent  on  Forte  castings.  This  finding  raised 
concerns  that  these  oxides  might  possibly  create  not  only  inclusions  in  cast¬ 
ings,  but  also  incomplete  margins,  and  impede  any  attempts  at  pre-  or  post¬ 
soldering.  Such  questions,  however,  were  beyond  the  scope  of  this  particular 
project. 


Figure  10-1.  This  Ni-Cr  Be-free 
alloy  (Forte*)  produced  a  substantial 
amount  of  dark  green  oxidation  as 
seen  over  the  entire  surface  of 
this  casting. 


Nonetheless,  one  of  the  potential  disadvantages  of  both  nickel-  and 
cobalt-base  non-precious  alloys  is  their  potential  for  porcelain  delamination, 
due  to  a  separation  of  a  poorly  adherent  oxide  layer  from  the  metal  substrate. 9 


10-2.  ECONOMIC  CONSIDERATIONS 

The  cost  of  these  alloys  is  comparable  to  that  of  the  nickel-chromium- 
beryllium  alloys,  since  the  major  constituents  are  neither  noble  nor  precious. 
However,  the  individual  ingots  were  quite  heavy,  as  one  ounce  of  Forte  contain¬ 
ed  only  five  ingots.  Individual  ingot  weight  varied  between  U  dwts  1  gr  and 
^  dwt  3  grs,  thus  representing  the  minimum  amount  of  metal  which  may  be  cast  at 
any  one  time.  The  manufacturer  also  prefers  the  use  of  all  new  metal,  rather 
than  a  50/50  mixture  of  new  and  recast  alloy.  This  choice  presents  the  same 
problem  discussed  in  the  Nl-Cr-Be  system — that  of  extensive  button  accumulation. 
Small  and  intermediate  sized  dental  laboratories,  with  varied  work  loads,  may 
invest  and  cast  single  units  rather  than  multiple  units.  These  laboratories 
will  readily  accumulate  large  buttons  of  spent  metal  unless  they  counter  this 
problem  by  delaying  cases,  or  by  investing  and  casting  only  multiple  units. 

High  production  laboratories,  accustomed  to  multiple-unit  castings,  could  use 
these  large  ingots  more  efficiently. 
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The  other  variables  associated  with  the  beryllium-containing  metals  also 
apply  to  this  system.  As  a  result  of  lapses  in  technique  for  spruing,  invest¬ 
ing,  or  casting,  miscasts  appear  to  be  more  numerous  with  these  alloys  than 
with  the  precious  alloys.  Overheating  an  alloy  is  not  uncommon  for  the  inex¬ 
perienced  technician,  for  one  needs  time  to  learn  the  melting  behavior  of 
individual  alloys.  Induction  casting  reduces  such  variables  and  improves 
castability;  but,  it  also  represents  a  tremendous  increase  in  the  start-up 
cost.  Miscasts,  the  accumulation  of  large  buttons,  and  increased  adjusting 
and  finishing  times  are  economic  considerations  not  frequently  included  in  cost 
estimates.  The  assessment  of  an  alloy  system  on  the  sole  basis  of  material 
costs  is  misleading,  and  is  not  indicative  of  the  cumulative  expenses  which  a 
new  system  may  entail. 


10-3.  ADVANTAGES : 

Forte*  is  A.D.A.  "ACCEPTABLE." 

Do  not  contain  beryllium. 

Low  density  produces  lightweight  castings. 

Are  low  cost. 

Are  poor  thermal  conductors. 

High  modulus  of  elasticity  and  yield  strength  provide  rigidity  for 
thin  castings. 

Thin  castings  permit  maximum  porcelain  coverage. 

Do  not  have  to  be  secured  like  precious  alloys. 

Large  buttons  minimize  the  surface  area  to  volume  ratio. 

Large  buttons  are  beneficial  when  casting  large  cases. 


10-4.  DISADVANTAGES: 

Are  not  A.D.A.  CERTIFIED. 

Not  all  are  A.D.A.  "ACCEPTABLE"  or  "PROVISIONALLY  ACCEPTABLE." 

Are  much  harder  than  conventional  Type  III  gold  alloys. 

Nickel  is  toxic,  and  may  pose  a  health  threat  to  patients. 

Cannot  be  used  for  patients  with  known  or  suspected  nickel  sensitivity. 
Require  a  high-heat  investment  ( i.e., phosphate-bonded ) . 

Will  oxidize  more  than  nickel-base  alloys  with  beryllium. 

Form  an  oxide  skim  on  heating,  and  do  not  "pool"  like  precious  alloys  — 
with  the  exception  of  those  alloys  containing  boron. 

Cannot  be  electrolytically  etched  for  Maryland  Bridge  technique. 

Require  mechanical  retention  for  Maryland  Bridge  castings  (DuraLingual  ). 
Are  difficult  to  melt  and  cast  with  consistent  accuracy. 

Are  more  geared  to  induction  casting  than  to  torch  casting. 

Are  more  prone  to  miscasts  than  are  precious  alloys. 

Propane-oxygen  is  preferred  to  natural  gas-oxygen. 

Need  central  air  evacuation  for  nickel  dust. 

Should  request  periodic  environmental  monitoring  for  nickel  levels. 

Are  difficult  to  solder  satisfactorily. 


*  Unitek  Corporation,  Monrovia,  CA. 
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10-1*.  DISADVANTAGES  (Cont'd.): 

Large  ingots  are  a  disadvantage  when  casting  small  cases. 

In  smaller  laboratories,  large  ingots  tend  to  produce  large  buttons. 
Have  a  platinum  or  white  color,  rather  than  traditional  yellow  hue. 
Are  not  BURNISHABLE. 

Are  more  difficult  to  adjust. 

Are  more  time  consuming  to  finish  and  polish. 

More  difficulty  is  encountered  in  sectioning  and  removing  these 
castings  from  the  mouth. 

Have  a  potential  for  porcelain  delamination  from  the  metal  substrate, 
due  to  a  poorly  adherent  oxide  layer. 


10-5 .  BIOCQHPATIBILITY 

Despite  the  absence  of  beryllium,  the  unresolved  concerns  for  nickel 
raise  questions  for  the  biocompatibility  of  all  the  nickel-base  non-precious 
systems.  (The  subject  of  the  biocompatibility  of  dental  casting  alloys  is 
addressed  separately  in  Section  12.)  The  reader  is  also  advised  to  refer  to 
the  statements  and  recommendations  on  the  nickel  and  beryllium-containing  alloys 
as  released  by  the  USAF  Special  Consultants  for  Prosthodontics  and  Laboratory 
Services. 
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EDITOR'S  HOTE:  Tne  following  Attachment  provides  comprehensive  information 
on  an  example  of  the  nickel-chromium  (beryllium-free)  alloy  system; 
specifically,  FORTE. 
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FORTE 


I.  GENERAL  INFORMATION 


ALLOY  TYPE:  "NON-PRECIOUS"  ALLOY  SYSTEM:  Nickel-Chromium  Beryllium-Free 

ALLOY  CONTENT:  6k%  Nickel,  22 %  Chromium,  9%  Molybdenum,  1%  Iron,  and 
b%  Columbium  (or  called  Niobium),  and  Tantalum 


MANUFACTURER : 

Unitek  Corporation 
2724  South  Peck  Road 
Monrovia,  California  91016 


TELEPHONE  CONTACTS: 

Training  Lab  Manager 
(Call  person-to-person:  "Collect" 
on  commercial  number) 

ALLOY  INTRODUCED  IN:  1983 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  423-4588 

COMMERCIAL  PHONE  NUMBER: 
1-(818)  445-7960 

REGIONAL  SALES  REPRESENTATIVES: 


F.D.A.  LISTED:  1983 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  "ACCEPTABLE"  (1983) 


II.  PHYSICAL  DESCRIPTION 

Ingot  color  -  Platinum  Ingot  shape  -  HEXAGON 

Ingot  weight  -  4  dwt  1  gr  to  4  dwt  3  grs  Ingots  per  ounce  -  5  per  oz 
Ingot  identification  -  NONE  Alloy  packaging  -  5,  25,  50,  100, 

(Shape  recognition  only)  250,  500,  and  750  troy  oz 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  8.4  g/ cc 

Brinell  hardness  number  -  190  (converted  from  Vickers) 

Vickers  hardness  number  -  194 

Percentage  elongation  (in  1  in.)  -  19% 

Ultimate  tensile  strength  -  74,000  psi 

Yield  strength  (0.2%  offset)  -  49,000  psi 

Bond  strength  -  14,500  psi 

Coefficient  of  thermal  expansion  -  13-95  X  10“6  in/in/°C  (±  0.22) 

(from  ambient  to  600  °c") 

All  values  for  the  porcelain  fired  condition 


MELTING  RANGE  -  2450-2500  °F 
(1342-1271  °C) 


CASTING  TEMPEMPERATURE  -  2750-2950  °F 

(1510-1621  °C) 
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IV.  WAXIBG  AHD  SPRUING  INSTRUCTIONS — FORTE 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.3  to  0.4  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.3  to  O.U  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.3  to  O.U  mm. 


B.  RECOMMENDED  SPRUING  TECHNIQUE: 


1.  SINGLE  UNITS  -  DIRECT  SPRUING:  Use  FORTE  SPRUE  PIN  (plastic),  and 

maintain  a  l/l6-in.  (1.6-mm)  space  between  reservoir 
and  pattern.  Use  small  amount  of  sticky  wax,  and 
attach  the  tip  of  the  sprue  pin  only,  thus  creating  a 
constriction  at  the  sprue-pattern  junction  to  ensure 
a  spray  of  metal  into  the  mold.  Attach  sprue  tip  to 
incisal  portion  of  single  anterior  units,  and  to  any 
cusp  tip  of  a  posterior  crown. 

2.  MULTIPLE  SINGLE  UNITS  -  DIRECT  SPRUING:  Attach  FORTE  SPRUE  PIN  (a 

plastic  reservoir  sprue)  as  above,  but  converge  sprues 
at  the  center  of  the  sprue  former;  use  full  length  of 
sprue,  and  maintain  constriction  to  ensure  sufficient 
pressure  to  spray  metal  into  the  mold. 

3.  FIXED  PARTIAL  DENTURES  -  INDIRECT  METHOD:  For  a  fixed  partial  denture 

of  three  units  or  more,  place  one  l/l6-in.  12-GAUGE 
sprue  to  each  pattern  (10-GAUGE  to  a  pontic);  attach 
these  pattern  sprues  to  an  8-GAUGE  connector,  or  runner 
bar,  which  extends  beyond  the  width  of  the  patterns  at 
each  end.  Use  1  in.  long,  o-GAUGE  main  sprues  which 
are  offset  to  the  pattern  sprues  (Fig.  4-2). 

MANUFACTURER  ALSO  RECOMMENDS  THE  FOLLOWING  FOR  FIXED  PARTIAL  DENTURE: 

DIRECT  METHOD:  Place  one  FORTE  SPRUE  PIN  directly  onto 
the  pontic  of  a  small  fixed  partial  denture.  You  do 
NOT  have  to  attach  a  sprue  to  the  retainers  on  either 
side  of  the  pontic  (according  to  the  manufacturer). 


4.  VENTING 


Is  optional;  18-GAUGE  sprue  to  sprue  base,  if  employed. 


5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 
casting  ring,  build  up  the  sprue  former  with  wax,  and 
raise  the  pattern  to  within  1/4  in.  of  the  top  of  the 
ring.  This  technique  will  facilitate  wax  elimination 
and  the  escape  of  gases. 
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V.  INVESTMENT  AHD  BURNOUT  TECHNIQUE— FORTE 


A.  RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  A  NON-CARBON-containing  investment  is 
preferred.  Increase  burnout  time,  if  a  CARBON-containing  investment 
is  used.  Using  all  undiluted  special  liquid,  as  suggested  by  some 
manufacturers,  may  not  be  necessary  (see  recommendations  below): 


NON-CARBON  TYPE: 

SPECIAL  LIQUID 

DISTILLED 

WATER 

a.  Vestra-fine  (Unitek)  - 

11.0  cc 

4.5 

cc 

b.  Hi-Temp  (Whip  Mix)  - 

9-5  cc 

0 

cc 

CARBON  TYPE:  Not  tested. 

2.  GYPSUM-BONDED  INVESTMENTS:  Not  recommended  for  this  alloy. 


B.  RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT  rather  than  hygroscopic. 


C.  MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  Ceramic  type,  DRY. 

You  may  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip  Mix).  Place 
liner  flush  with  the  top  of  the  casting  ring,  but  leave  at  least  a  l/8~in. 
clearance  to  lock  the  investment  in  the  ring  when  the  investment  expands 
(Fig.  4-2).  If  additional  expansion  is  needed,  use  two  layers  of  asbestos 
substitute  and  more  special  liquid. 

D.  BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  ROOM  TEMPERATURE  furnace,  with 
a  30-50  °F  rate  of  rise,  and  HEAT  SOAK,  as  follows: 

1.  FOR  PLASTIC  SPRUES  (Use  a  TWO-STAGE  BURNOUT): 

a.  Single  unit  -  30  min  at  5Y2  °F  (300  °C);  then  raise  the  temperature 

to  l6l6  °F  (880  °C);  HEAT  SOAK  for  1  hr. 

b.  Three  units  in  a  single  ring  -  Same  as  above, 

c.  Multiple  units,  2-3  rings  -  Add  15  min  for  each  additional  ring. 

2.  FOR  WAX  SPRUES  (Raise  to  l6lto  °F/880  °C)  and  HEAT  SOAK  for: 

a.  Single  unit  -  1  hr 

b.  Three  units  in  a  single  ring  -  1  hr  and  10  min 

c.  Multiple  units,  2-3  rings,  -  1  hr  and  15  min. 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— FORTE 


A.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  THERMATROL  2500  WITH  CARBON  CRUCIBLE): 

a.  Manufacturer's  preferred  casting  equipment  -  Unitek's  Autocast 

b.  Alternative  systems  include  -  Centrifugal,  broken-arm  casting  machine 

2.  CASTING  TORCH  -  Harris  l6-S  with  #1390  H  multi-orifice  tip 

3.  CASTING  CRUCIBLE  -  Quartz  or  alumina,  DO  NOT  USE  CLAY  OR  CARBON  TYPE. 

B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  l).* 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight 

(Manufacturer  prefers  all  virgin  metal  for  each  cast^ 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight. 

C.  MELTING  AND  CASTING  TECHNIQUE  (PROPANE  preferred;  NATURAL  GAS  satisfactory): 

1.  OXYGEN-GAS  RATIO  -  25  psi  (OXYGEN)  and  15  psi  (PROPANE). 

2.  SETTING  CASTING  MACHINE  -  Add  one  turn  to  casting  machine  to 

compensate  for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  MULTI -ORIFICE  TIP,  use  lA-in.  inner  blue  cones; 

SINGLE  ORIFICE  TIP,  set  flame  length  3M  to  1  in. 

h.  APPEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  crucible; 

hold  the  torch  approximately  3  in.  away  from  the 
ingots;  and  keep  the  torch  moving  in  a  rotating 
motion  to  distribute  heat  evenly,  so  they  appear  to 
be  the  same  color.  When  small  "dots"  or  "stars" 
appear,  concentrate  the  heat  on  ingot  corners. 


5.  CASTING  FLUX  -  Not  recommended.  Do  NOT  disturb  the  oxide  layer. 

6.  WHEN  TO  CAST  -  Ingot  will  SLUMP  and  start  to  lose  its  shape;  small 

ripples  will  appear  on  ’the  surface;  CONTINUE  slew, 
even  heating  until  the  metal  can  be  PUSHED  easily 
with  the  force  of  the  flame.  (DO  NOT  BREAK  THE 
OXIDEj  THE  METAL  IS  READY  TO  CAST. 

7.  RECOVERY  OF  CASTING  -  ALLOW  TO  BENCH  COOL.  DO  NOT  QUENCH.  DO  NOT  PICKLE. 


D.  INDUCTION  CASTING  (Start  with  a  preheated  quartz  crucible): 

1.  Set  ACCELERATION  at  6. 

2.  Set  CASTING  TEMPERATURE  to  2750-2950  °F  (1510-1621  °C) . 

3.  Check  ingots  VISUALLY  for  shadow  of  unmelted  alloy  to  disappear. 
L.  Place  ring  in  machine  and  Ca.ST. 

J. 

At  close  of  text. 
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VII.  ADJUSTING  AMD  FINISHING — FORTE 

REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  GRINDINGS  -  Use  suction  to  remove  grindings,  and  try  to  avoid  mixing 

non-precious  with  precious  grindings. 


FITTING  THE  CASTING: 


1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  extensive  porosity)  should  be  remade. 

1+.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  UTK  Brown  stones  (Unitek)  or  comparable  stones, 

carbide  burs,  and  burlew  wheels. 

2.  POLISHING  -  Use  the  UTK  Alloy  finishing  kit  (732-103)  or  similar 

materials.  [We  recommend  the  use  of  removable  partial 
denture  polishing  compounds,  such  as  Ti-Cor  and  Ti-Hi 
(Ticonium),  rather  than  Buffing  Bar  Compound  (BBC).] 

NOTE:  Non-precious  alloys  are  more  difficult  to  adjust,  polish,  and 
finish  than  their  precious  alloy  counterparts.  Therefore,  be  sure  to 
allow  additional  time  for  these  steps.  Since  this  alloy  contains  nickel, 
use  central  evacuation  and  physical  protection  for  maximum  protection. 
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PREPARATION  OF  TI 

H 

IETAL  FOR  PORCELAIN— FORTE 

A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 


1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts 
and  metal  collars )  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELA'N  BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

50-jim  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

AS  OF  THIS  TIME,  THE  MANUFACTURER  RECOMMENDS  THAT  THIS  ALLOY  NOT  UNDERGO 
THE  CUSTOMARY  OXIDATION  PROCEDURE. 

1.  LOW  temperature  setting  -  N/A 

2.  HIGH  temperature  setting  -  N/A 

3.  Rate  of  rise  -  N/A 

4 .  Atmosphere  -  N/A 

5.  HOLD  time  at  HIGH  temperature  -  N/A 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  N/A 

b.  An  OVERoxldlzed  layer  -  N/A 

c.  An  UNDERoxidized  layer  -  N/A. 
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IX.  PORCELAIN  COMPATIBILITY— PORTE 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has 
been  provided  by  the  alloy  manufacturer  (x): 


DENTAL  PORCELAIN 


PORCELAIN  COMPATIBILITY 


YES  NO  MARGINAL  UNKNOWN 


1.  ARTIS-TECH  (Jeneric)  - 

2.  BIOBOHD  (Dentsply) 

3.  CERAMCO  (Johnson  &  Johnson) 
h.  CRYSTAR  (Unitek)  - 

5.  JELENKO  (Jelenko) 

Low- 

6.  (BIOBOND)  SHAD0IATE  (Dentsply)  Reg- 

7.  VITA  (Vident)  - 

8.  WILL-CERAM  (Williams)  - 


B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  None 


C.  SPECIAL  HANDLING  INSTRUCTIONS: 
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X.  PRE-SOLDERIBG  IBSTRUCTIOHS — FORTE 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  Unitek  High-Fusing  Solder  (flows  at  2100  °F/1150  °C), 


2.  FLUX 


Use  Unitek  High-Fusing  Solder  Flux  Paste. 


3.  INVESTMENT  -  Use  a  high- heat  solder  investment  or  a  NON-CARBON 
casting  investment  with  all  distilled  water  and  no 
special  liquid. 


B.  SOLDERING  TECHNIQUE :  For  precise  heating,  use  the  MAGIC  WAND  Torch 

(Williams)  with  it**  #2^8  tip,  or  the  HARRIS  l6-S  torch  with  a  2N  tip. 

1.  Prepare  a  GAP  DISTANCE  of  0.3-mm  for  each  solder  joint. 

2.  Lute  units  together  with  acrylic  resin  or  sticky  wax. 

3.  Invest  in  a  high-heat  solder  investment  with  a  3/8-in.  (9~mm)  base. 

k.  Boil  off  sticky  wax,  or  heat  to  1000  °F  (538  °C),  to  remove  any 

acrylic  resin.  Allow  to  cool  to  room  temperature  before  continuing. 

5.  AIR-ABRADE  with  50-)m  aluminum  oxide;  set  at  80-100  psi. 

6.  Cover  joints  with  solder  flux  paste,  and  be  sure  to  get  the  paste 
between  each  abutment.  Use  an  instrument,  if  necessary. 

7.  Use  20  psi  OXYGEN  with  NATURAL  GAS  or  15  psi  PROPANE. 

8.  Glaze  the  High-Fusing  Solder  rod  by  first  dipping  it  in  the  flux 
paste,  and  then  heating  until  the  flux  melts  on  the  rod. 

9.  Move  torch  in  circular  motion  until  investment  looks  dry  and  chalky; 
then  move  torch  in  and  concentrate  on  the  joint.  Apply  solder  and 
touch  "cherry-red"  joint  area. 

10.  When  the  flux  comes  to  the  surface,  remove  the  flame. 

11.  BENCH  COOL.  Clean  with  50-jim  aluminum  oxide;  adjust;  and  finish. 


vy. 
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XI.  POST-SOLDERING  INSTRUCTIONS— FORTE 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  non-precious  Low  Fusing  Solder 

(flows  between  1112  and  1382  °F/600  and  750  °C 

2.  FLUX  -  Use  Unitek  Low  Fusing  Solder  flux. 

3.  INVESTMENT  -  No  preference.  Use  either  a  soldering  investment  or  a 
high-heat  casting  investment  with  distilled  water. 

B.  SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  with  a  view  port  to  monitor 

the  soldering  process. 

1.  Prepare  a  uniform  GAP  DISTANCE  of  no  more  than  0.1-0. 2  mm. 

2.  Join  the  units  to  be  soldered  with  sticky  wax  or  acrylic  resin;  then 
reinforce  with  heavy  gauge  wire. 

3.  Cover  all  the  porcelain  surfaces  with  white  or  ivory  wax  to  prevent 
contact  with  the  soldering  investment  and  porcelain  discoloration. 

b.  Invest  and  trim  the  investment  block  to  a  thickness  of  3/8  in. 

5.  Boil  out  the  sticky  wax  and  clear  waxes. 

6.  Air-abrade  the  solder  area(s)  with  50-pm  aluminum  oxide  under  20  psi. 

7.  Apply  a  thin  layer  of  low  fusing  flux  to  the  solder;  and  place  it  in 
each  joint.  Remove  any  excess  to  prevent  porcelain  discoloration. 

8.  Preheat  the  assembly  in  front  of  the  furnace  muffle  for  15  min. 

9.  Gradually  introduce  the  work  into  the  furnace,  preheated  to  1200  °F 
(61+9  °C). 

10.  Raise  vacuum  to  700  mm  Hg. 

11.  Set  the  furnace  maximum  temperature  to  the  solder  working  temperature 
(1112-1382  °F/ 600-7 50  °C). 

12.  Observe  when  solder  has  flowed  completely. 


13.  If  necessary,  the  temperature  may  be  Increased  in  10  °F  Increments 
until  the  solder  flows. 


lb.  Carefully  remove  the  work  and  inspect  the  solder  joints.  Allow  the 
metal  to  cool  uniformly,  before  divesting  and  repolishing. 
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THE  COBALT-CHROMIUM  ALLOYS 


11-1.  GEBERAL  DESCRIPTIOB 

Traditionally,  cobalt-chromium  alloys  have  been  used  to  cast  removable 
partial  denture  frameworks,  and  rarely  have  been  involved  in  the  production 
of  a  PFM  restoration.-*-  As  concerns  for  the  biocompatibility  of  nickel  and 
beryllium  continue,  interest  in  alternative  non-precious  alloy  systems  has 
increased.  The  cobalt-chromium  alloys  evaluated  in  this  study  contained  55~ 

68%  cobalt  and  25-27%  chromium,  in  addition  to  wolfram,  ruthenium,  aluminum, 
yttrium,  zirconium,  niobium,  and  various  unspecified  trace  elements.  The 
processing  of  these  alloys  is  definitely  different  from  that  of  either  the  Ni- 
Cr-Be  or  the  Ni-Cr  systems.  The  cobalt  chromium  alloys  are  slightly  more  dense 
than  the  nickel-base  metals,  and  tend  to  be  a  little  more  difficult  to  melt. 

Like  the  nickel-base  system,  the  cobalt-chromium  alloys  form  an  oxide  skim 
over  the  molten  metal.  In  the  majority  of  cobalt-chromium  alloys,  this  oxide 
layer  prevents  the  ingots  and  buttons  from  pooling  together,  as  is  customary 
with  precious  metals.  Two  notable  exceptions  are  Biocast  and  Excel,  since 
these  particular  alloys  will  pool. 2 

Nonetheless,  some  manufacturers  are  promoting  the  cobalt-chromium  alloys 
as  "nickel-free,  beryllium-free",  "non-precious"  alternatives  for  the  PFM 
restoration.  The  castings  are  lightweight,  strong,  and  reportedly  suitable 
for  multiple-unit  restorations.  The  same  equipment  used  to  cast  nickel-base 
alloys  can  be  employed  for  the  cobalt-chromium  metals.  Despite  this  advertising 
information,  less  research  is  available  on  the  handling  characteristics  and 
performance  of  this  particular  system  as  a  substrate  for  dental  porcelain. 
Despite  concerns  for  the  biocorapatibility  of  nickel  and  beryllium,  acceptance 
by  the  dental  profession  appears  to  be  slow  at  this  time.  The  palladium-base 
systems  are  competitively  priced,  and  have  attracted  many  former  consumers  of 
non-precious,  nickel-chromium  alloys. 

One  characteristic  feature  of  the  cobalt-chromium  castings  is  the  presence 
of  a  rather  distinctive  greenish-black  external  oxide  film.  Extensive  oxidation 
of  this  nature  might  predispose  these  alloys  to  a  greater  tendency  toward  oxide 
Inclusions  and/or  incomplete  castings,  and  might  make  pre-soldering  quite  dif¬ 
ficult.  Individuals  unaccustomed  to  melting  these  alloys  might  inadvertently 
prolong  the  heating,  or  inadvertently  overheat  the  metal.  These  alloys  require 
a  learned  skill  for  proper  casting. 

Even  with  an  acceptable  casting,  the  major  weakness  in  this  system  is  its 
tendency  to  produce  a  thick,  dark  oxide.  A  greater  number  of  porcelain  bond 
failures  might  occur  with  these  alloys,  as  compared  with  the  nickel-chromium- 
beryllium  alloys  (Fig.  ll-l).  Such  bond  failures  may  appear  as  porcelain 
delaminations  due  to  separation  of  a  poorly  adherent  oxide  layer  from  the 
metal  substructure  (Figs.  11-2  and  11-3). 3 
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This  Is  not  a  precious  system,  so  one  can  expect  to  have  the  same  general 
processing  challenges  as  those  encountered  with  non-precious  alloys  as  a  whole 
castabllity  problems,  increased  hardness,  lack,  of  burnishability ,  heavy  oxide 
formation,  bond  failures,  difficulty  adjusting  and  finishing,  etc. 


Figure  11-1.  The  oxides  produced  by 
this  cobalt-chromium  alloy  (Cobond  ) 
are  a  greenish-black  color  and  can 
be  seen  on  the  casting  itself  as 
well  as  on  the  casting  investment. 
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Figure  11-2.  The  porcelain-metal  bond 
failed  in  the  cobalt-chromium  unit 
after  the  crown  had  been  cemented. 

This  type  of  bond  failure  through 
the  oxide  layer  is  often  referred 
to  as  a  "delamination"  of  the  por¬ 
celain  . 


Figure  11-3-  The  oxidation  produced 
by  the  metal  evidently  was  substantial 
Note  the  presence  of  a  thick,  dark 
oxide  film  adhering  to  the  porcelain 
(left),  with  an  apparent  oxide  layer 
also  remaining  on  the  surface  of  the 
metal  (right). 


The  alloy  used  to  make  this  particular  casting  was  neither  Cobond  nor 
Novarex,  but  a  cobalt-chromium  product  previously  tested  by  the  author. 
This  case  has  been  included  because  it  depicts  a  classic  example  of  the 
problems  of  excessive  oxide  production  and  porcelain  delaraination  with 
a  non-nickel  base,  non-precious  alloy. 


SECTION  11 


11-2.  ECONOMIC  COHS I  DERAT 1 ON.j 

Since  non'-  ■*'  •*:••  ::.aj  nr*  1  •  ir-  ryb 1  or  precious,  these  alloys 

are  inexpensive,  in!  -tr-  .  » n>- !  r  M-'r-N-  counterparts  by  manufac- 

ti.  :*ers  of  both  uy.-tem.  .  ",  ;  > .  :  i  .  ;  i  .  i  .  lug  t .  vary  in  weight  from  2  dwts 

3  gr  to  2  dwts  gr  IN,  v>«r*-x  •  *.  ■;  ;  r  -x  ima  t<-  1  v  ■  twt  f  Cobond ) ,  and  represent 

the  minimum  -juanti  ty  of  m<  'a.  whl  •<:  may  :■*-  -a  *  -it  any  jue  time.  For  small 
castings,  more  met-,;  may  be  -xo-ti  :•  4  .vi.u  is.  aeee:  siry ,  ani  large  buttons  will 

accumulate.  1  o  mu  *  nt>«  in  t  .V  reeumiuen  :»• :  ratio  of  new  metal  to  recast 

metal,  single  nr.;*  carting:  .«h  n.  >,n  i  ; .  if  recast  metal  is  not 

enriched  with  u>  w  aloy,  >«•  ••■••vaMori  in  the  ">isi  li..'  temperature  and  hardness 
in  the  me  twt  1  may  . .  r ,  sine,-  minor  a;!  vine  element  are  t  replenished. 

Overheating  n  tson-precious  alloy  is  not  uncommon  to  the  uninitiated,  since 
learning  to  anpreei  te  the  particular  melting  behavior  of  each  individual  alloy 
takes  time.  Incur*  ion  casting  reduces  such  variables  and  improves  capability, 
but  also  irtcrea. t  nr  initial  expense  for  this  system.  Miscasts,  the  regular 
accumulation  of  large  buttons,  and  Increased  adjusting  arid  finishing  times  are 
economic  considerations  which  she  he  Included  in  cost,  estimates. 


As  stater  far  the  Ni-Cr-Be  a., a  Ni-Cr-Be-f ree  systems,  the  purchase  price 
of  the  alloy  is  but  one  factor  to  be  considered  in  assessing  the  total  expense 
of  this  or  of  any  other  non-preclous  system. 

NOTE:  Because  Nova  rex  contains  of  the  noble  meta !  ,  ruthenium,  It  has 
scrap  value. 

11-3.  ADVANTAGES: 

Do  not  contain  NICKEL. 

Do  not  contain  HKHYLLIUM. 

Low  density  y  i  <  ■ :  d :  i  ; ,  >  *  w>  •  i  r  at 
Are  low  cost . 

Are  poor  thermal  •••  :  !a"t  .  >  ,  . 

High  modulus  or  tieity  a-ii  y  i  -  r*.  f-ngt  h  provide  rigidity 

f or  th in  ca .  *  i nr:  . 

Do  not  have  to  be  secured,  1 i k •  pro  Lous  alloys. 

11-4.  DISADVANTAGES: 

Are  not  A.D.A.  CERTIFIED. 

Not  all  are  A.D.A.  "ACCEPT ABLH "  or  "FRuVlSIONALLY  ACCEPTABLE. " 

Are  much  harder  than  gold-  and  palladium-base  porcelain  alloys. 

Are  more  difficult  to  process  than  the  nickel-base  alloys. 

Are  more  suitable  for  induction  casting  than  torch  casting. 

Are  not  BURNISH ABLE. 

Are  more  prone  to  miscasts  than  are  precious  alloys. 
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Propane -oxygen  is  preferred  to  natural  gas-oxygen. 

Are  more  prone  to  porcelain-metal  bond  failure  than  precious  alloys. 
Are  difficult  to  solder  satisfactorily. 

Require  a  high-heat  investment  (i.e.,  phosphate-bonded). 

Are  more  difficult  to  adjust. 

Some  alloys  do  not  have  any  identification  on  their  ingots. 

More  difficulty  arises  in  sectioning  and  removing  these  castings 
from  the  mouth. 


11-5.  BIOCOMPATIBILITY 

The  subject  of  "The  Biocompatibility  of  Dental  Casting  Alloys"  is 
addressed  separately  in  Section  12.  Since  the  cobalt-chromium  system  is  both 
nickel-  and  beryllium-free,  few  questions  have  been  raised  concerning  the 
biocompatibility  of  the  alloys. 


11-6.  REFERENCES 

1.  McLean,  J.  W. :  The  Science  and  Art  of  Dental  Ceramics.  Vol  II:  Bridge 
Design  and  Laboratory  Procedures  in  Denta  Ceramics.  Chicago,  111.,  I960 
Quintessence  Publishing  Co. 

2.  Baran,  G.  R. :  Selection  criteria  for  base  metal  alloys  for  use  with 
porcelains.  Dent  Clin  North  Am  29:779,  1985* 

3.  Association  Report:  Report  on  base  metal  alloys  for  crown  and  bridge 
applications:  benefits  and  risks.  J  Am  Dent  Assoc  111: 479 »  1985. 


EDITOR'S  NOTE:  The  following  Attachments  provide  comprehensive  information 
on  two  examples  of  the  cobalt-chromium  alloy  system;  specifically, 
COBOND,  and  NOVAREX. 
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cobohd 


I.  GENERAL  INFORMATION 

ALLOY  TYPE:  "NON-PRECIOUS"  ALLOY  SYSTEM:  Cobalt-Chromium 

ALLOY  CONTENT:  65-68#  Cobalt,  25-27#  Chromium,  h-6%  Molybdenum,  and 
unspecified  trace  elements 

MANUFACTURER : 


Dentsply  International,  Inc. 
570  West  College  Avenue 
P.0.  Box  872 
York,  Pennsylvania  17^+05 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  233-9k5k,  ext. 511 

COMMERCIAL  PHONE  NUMBER: 
1-(717)  8^5-7511,  ext.  511 


TELEPHONE  CONTACTS:  REGIONAL  SALES  REPRESENTATIVES: 

Mr.  John  Appelbaum  Yes 

ALLOY  INTRODUCED  IN:  September  1982  F.D.A.  LISTED:  Yes,  1981 

A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  "ACCEPTABLE"  (1985) 


II.  PHYSICAL  DESCRIPTION 


Ingot  color  -  Platinum 

Ingot  weight  -  Approximately  3  dwts  each 

Ingot  identification  -  Raised  rectangle 

with  letter  "D"  on  second  tier 


Ingot  shape  -  Raised  rectangle 
Ingots  per  ounce  -  7  per  oz 

Alloy  packaging  -  2-oz  packages 


III.  PHYSICAL  AND  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  8.2  g/cc 

Brinell  hardness  number  -  303 

Vickers  hardness  number  -  320 

Percentage  elongation  (in  1  in.)  -  3#  mininum 

Ultimate  tensile  strength  -  80,000  psi 

Yield  strength  (0.2#  offset)  -  60,000  psi 

Bond  strength  -  No  value  available 

Coefficient  of  thermal  expansion  -  Proprietary  information 

MELTING  RANGE  -  2250-2^00  °F  CASTING  TEMPERATURE  -  2750  °F 

(1290-1320  oc)  (1510  °C) 
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IV.  WAXING  AND  SPRUING  INSTRUCTIONS— COBOND 


MINIMUM  RECOMMENDED  WAX  THICKNESS: 

1.  SINGLE  UNITS  -  0.3  mm 

2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.3  ram  to  0.5  mm 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.3  mm  to  0.5  mm. 


RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  DIRECT  SPRUING,  with  8-  or  10-GAUGE  reservoir  sprues 

attached  to  the  thickest  part  of  the  wax  pattern.  If 
you  elect  to  fashion  your  own  reservoir,  make  sure  it 
is  equal  in  diameter  to  the  thickest  part  of  the  wax 
pattern,  and  is  positioned  about  1  mm  from  the  wax 
pattern  (Fig.  4-l). 

2.  MULTIPLE  SINGLE  UNITS  -  INDIRECT  SPRUING  is  recommended,  with  10-GAUGE, 

1/4-in.  length  sprues  to  each  unit  connected  to  an 
8-GAUGE  runner  bar,  which  is  joined  to  the  sprue  former 
by  offset  8-GAUGE  sprue  leads.  Extend  the  length  of 
the  runner  bar  slightly  beyond  the  width  of  the  units 
at  each  end.  Allow  1/4-in.  space  between  the  wax 
pattern  and  the  top  of  the  casting  ring  (Fig.  4-2). 

3.  FIXED  PARTIAL  DENTURES  -  INDIRECT  SPRUING  is  recommended,  with 

10-GAUGE,  1/4-in.  length  sprues  to  each  unit  connected 
to  an  8-GAUGE  runner  bar,  which  is  joined  to  the  sprue 
former  by  offset  8-GAUGE  sprue  leads.  Extend  the 
length  of  the  runner  bar  slightly  beyond  the  width  of 
the  units  at  each  end.  Allow  1/4-in.  space  between 
the  wax  pattern  and  the  top  of  the  casting  ring 
(Fig.  4-2). 

NOTE:  The  runner  bar  should  be  shaped  t >  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut,  and  rewax  it 
at  each  cut  in  order  to  destroy  any  memory  in  the  wax. 

4.  VENTING  -  Not  required. 

5.  WAX  PATTERN  POSITIONING  -  If  the  wax  pattern  is  seated  too  low  in  the 

casting  ring,  build  up  the  sprue  former  with  wax.  This 
technique  will  facilitate  wax  elimination  and  the 
escape  of  gases.  Design  the  spruing  system  so  that 
any  reservoir  is  in  the  HEAT  CENTER  of  the  casting  ring, 
with  the  wax  patterns  in  a  "COLD  ZONE"  (Fig.  4-2). 
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V.  INVESTMENT  AND  BURNOUT  TECHNIQUE— COBOND 

RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  The  manufacturer  does  not  market  a 
NON-CARBON  containing  casting  investment,  and  does  NOT  require  the 
use  of  such  investments  with  this  cohalt-base  alloy. 


NON-CARBON  TYPE: 

SPECIAL  LIQUID 

DISTILLED  WATER 

Hi-Temp  (Whip-Mix) 

9.5  cc 

0 

NOTE:  Vestra-fine  (Unitek) 

was  not  tested  with  this 

alloy. 

CARBON  TYPE: 

a.  Biovest  (Dentsply) 

11 .0  cc 

0 

b.  Deguvest  HFG  (Degussa) 

9.0  cc 

0 

2.  GYPSUM-BONDED  INVESTMENTS:  Not  recommended  for  this  alloy. 


RECOMMENDED  METHOD  OP  INVESTMENT:  HIGH-HEAT  rather  than  hygroscopic. 

MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  KAOLINER(Dentsply) ,  DRY. 

You  may  use  one  WET  layer  of  NON-ASBESTOS  ring  liner  (Whip-Mix)  or  other 
asbestos  substitute.  Place  liner  flush  with  the  top  of  the  casting  ring, 
but  leave  at  least  a  1/8-in.  clearance  at  the  bottom  of  the  ring.  The 
1/8-in.  clearance  will  help  lock  the  investment  in  the  ring  when  the  in¬ 
vestment  expands  (Fig.  4-2).  If  additional  expansion  is  needed,  use  two 
layers  of  asbestos  substitute,  more  special  liquid,  and  less  distilled 
water. 

BURNOUT  TECHNIQUE: 

1.  PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  ROOM  TEMPERATURE  oven,  raise 
temperature  to  1350  °F  (843  °C)  at  a  rate  of  25  °F/min,  and  HEAT  SOAK 
as  follows: 

HEAT  SOAK 


a.  Single  ring  -  l  hr 

b.  Three  units  in  a  single  ring  -  1  hr 

c.  Multiple  units,  2-3  rings  -  1  hr  plus  10  rain  for  each  additional  ring. 


2.  GYPSUM-BONDED  INVESTMENT:  Not  recommended  for  this  alloy. 


v'V 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— COBOND 


CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  A  THERMATROL  2500  WITH  CARBON  CRUCIBLE) : 
Manufacturer's  preferred  casting  equipment  -  Broken-arm  casting  machine 

2.  CASTING  TORCH  -  Harris  l6-S  torch,  with  a  #1390  H  multi-orifice  tip. 

3.  CASTING  CRUCIBLES  -  Quartz,  alumina,  or  clay;  a  graphite  crucible 


h,V/- 
v  * 

sV  -  * 


raw 


is  NOT  recommended. 


B.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  1).  * 

2.  PREFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50%  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50 %  by  weight. 


C.  MELTING  .AND  CASTING  TECHNIQUE  (PROPANE,  preferred,  NATURAL  GAS,  adequate): 

1.  OXYGEN-GAS  RATIO  -  20  psi  OXYGEN,  5  psi  PROPANE 

2.  SETTING  CASTING  MACHINE  -  Add  one  turn  to  casting  machine  to  compensate 

for  the  alloy's  lower  density. 

3.  FLAME  ADJUSTMENT  -  The  multiple  light  blue  inner  cones  should  be  set 

to  a  1/4-in.  length  by  adjusting  the  gas  valve.  Oxygen 
should  he  kept  at  20-psi  flow.  The  REDUCING  ZONE  will 
be  an  additional  2-1/2  in.  long,  with  the  balance  of 
the  flame  being  the  oxidizing  zone.  Maximum  flame 
length  is  approximately  8  in.,  and  a  distinct  hissing 
sound  should  be  audible  if  the  flame  has  been  adjusted 
correctly  (Fig.  k-12). 

4.  APPEARANCE  OF  THE  MELT  -  Place  the  alloy  in  a  preheated  quartz  or 

other  non-carbon  crucible.  Do  NOT  use  a  casting  ring 
LINER  or  FLUX.  Rotate  the  torch  in  a  circular  motion 
to  distribute  the  heat  evenly  over  the  ingots. 

5.  WHEN  TO  CAST  -  The  alloy  will  begin  to  SLUMP,  and  an  oxide  film  will 

form  over  each  ingot.  When  the  molten  alloy  under  the 
oxide  surface  moves  with  the  motion  of  the  torch,  THE 
ALLOY  IS  READY  TO  CAST. 

6.  RECOVERY  OF  CASTING  -  ALLOW  TO  BENCH  COOL;  DO  NOT  QUENCH;  IX)  NOT  FICKLE. 


D.  INDUCTION  CASTING  (Start  with  a  preheated  crucible): 

1.  Set  ARM  SPEED  between  U25  and  A50  RPM. 

2.  Set  POWER  (amperage)  to  HIGH. 

3.  Set  TEMPERATURE  to  2750  °F  (1510  °C)  with  a  maximum  of  5_seo  HEAT  SOAK, 
h .  When  the  alloy  is  PULSATING,  you  may  CAST. 
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VII.  ADJUSTING  AND  FINISHING — COBOHD 

A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  a  Faskut  #8  metal  cut-off  disc  (Dentsply), or 

other  similar  separating  disc  to  cut  off  the  sprue. 

2.  GRINDINGS  -  Use  suction  to  remove  grindings,  and  try  to  avoid  mixing 

non-precious  with  precious  grindings. 


B.  FITTING  THE  CASTING: 


1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  with  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  porosity)  should  be  remade. 

4.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  For  bulk  metal  removal,  use  Faskut  #10  wheel 

(Dentsply),  Faskut  Bornide  Mounted  Points,  or  other 
similar  materials. 

2.  POLISHING  -  Use  removable  partial  denture  polishing  compounds,  such 

as  Ti-Cor  and  Ti-Hi  (Ticonium). 

NOTE:  Non-precious  alloys  are  more  difficult  to  adjust,  polish,  and 
finish  than  their  precious  alloy  counterparts.  Therefore,  allow  more 
time  for  these  steps.  Use  central  evacuation  (suction);  limit  grinding 
to  as  few  areas  as  possible;  and  wear  protective  eyewear  and  mask,  as 
well  as  a  laboratory  coat. 

3.  AVOID  METAL  CONTAMINATION  -  Set  aside  a  set  of  finishing  stones  for 

this  particular  alloy,  to  prevent  contamination  of 
the  metal. 

U.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction,  using  light  pressure. 


gW V  U  -.■  i'.«  t>  ..■  ,■  ^  j»  jpj»ij..irrr' 


— SECTION  11:  ATTACHMENT  1— 


VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN — COBQHD 
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A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber  wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN- BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-/HH  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  a  minimum  of  75  psi. 

3.  CLEANING  -  After  cutting  and  grinding,  flush  and  brush  the  casting  in 

running  tap  water,  or  steam  clean  the  metal  substrate. 
Then  place  in  distilled  water  in  an  ultrasonic  unit  for 
10  min,  after  rubber-wheeling  and  air-abrading. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  Preheat  oven  to  1740  °F  (950  °C) . 


2.  HIGH  temperature  setting  -  1740 

3.  Rate  of  rise  -  0 

4.  Atmosphere  -  FULL  VACUUM  (26-28 

5 .  HOLD  time  at  HIGH  temperature  - 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer 

b.  An  OVERoxidized  layer  > 

c.  An  UNDERoxldlzed  layer 

C.  POST-OXIDATION  TREATMENT: 


°F  (950  °C) 


in.  of  Hg) 

10  min  (release  vacuum  slowly  and 
remove  casting)  . 


As  long  as  the  casting  was  properly 
oxidized,  any  oxide  surface  would  be 
satisfactory  as  long  as  it  is  not 
BLACK  in  color. 


1.  REMOVE  THE  OXIDE  LAYER  -  Air-abrade  all  surfaces  which  are  to  receive 

porcelain  with  non-recycled,  50-^Um  aluminum  oxide  or 
quartz,  under  75  psi  (minimum)  air  pressure. 

2.  CLEANING  -  Flush  and  brush  the  casting  thoroughly  in  tap  water,  then 

rinse  in  99 %  isopropyl  alcohol  for  15  sec.  Pat  dry 
with  tissue  and  apply  opaque  porcelain. 


285 


—  SECTION  11:  ATTACHMENT  1— 


IX.  PORCELAIN  COMPATIBILITY  PROFILE— COBOND 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART;  The  following  information  has  been 
provided  by  the  alloy  manufacturer  (X): 

DENTAL  PORCELAIN  PORCELAIN  COMPATIBILITY 


YES  NO  MARGINAL 

1.  ARTIS-TECH  (Jeneric) 

2.  BIOBOND  ( Dentsply )  X 

3.  CERAMCO  (Johnson  &  Johnson)  X 

CRYSTAR  (Unitek) 

5.  JELENKO  (Jelenko) 

6.  (BIOBOND)  SHADEMATE  ( Dentsply )Low  -  X 

Reg  -  X 

7.  VITA  (Vident) 

3.  HILL- CERAM  (Williams) 

B.  KNOWN  OR  SUSPECTED  PORCELAIN-METAL  INCOMPATIBILITIES:  Unknown 

C.  SPECIAL  HANDLING  INSTRUCTIONS:  None. 

Follow  the  dental  porcelain  manufacturer's  instructions. 


UNKNOWN 

X 


X 

X 


X 

X 
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X.  PRE-SOLDERING  INSTRUCTIONS— COBOND 


RECOMMENDED  MATERIALS: 

1.  SOLDER  -  COBOND  Non-Precious  Presolder  [flows  at  2100  °F  (1150  °C)]. 

2.  FLUX  -  BIOBOND  C&B  Fluoride  Flux 

3.  INVESTMENT  -  Biovest  Soldering  Investment  (12  cc  water: 100  g  powder) 


SOLDERING  TECHNIQUE :  For  precise  heating,  use  the  MAGIC  WAND  Torch 

(Williams)  with  its  #2U8  tip,  or  the  HARRIS  16-S  torch  with  a  2N  tip. 

1.  Grind,  with  fine  aluminum  oxide  stones,  all  surfaces  to  be  soldered. 
This  process  will  remove  debris  and  oxide  contamination. 

2.  Create  a  GAP  DISTANCE  of  approximately  0.25  mm. 

3.  Invest  in  BIOVEST  Soldering  Investment.  Fashion  openings  and  access  to 
the  solder  Joint  before  the  investment  has  hardened.  Allow  investment 
to  set  for  30  min. 

1+.  Boil  out  any  wax,  and  clean  the  Joint  area  thoroughly.  (If  Duralay  or 
other  acrylic  resin  is  used  to  lute  the  joint,  heat  the  Investment  to 
approximately  900  °F  (842  °C),  remove  any  remaining  resin,  and  apply 
flux. ) 

5.  Apply  BI0B0ND  C&B  fluoride  soldering  flux  to  the  solder  area. 

6.  Dry  investment  for  15  min;  place  in  a  burn-out  oven  at  room  temperature 
and  increase  temperature  to  1050  °F  (5 66  °C). 

7.  The  heat  source  may  be  OXYGEN  (5  psi)  and  NATURAL  GAS,  or  PROPANE. 

8.  Establish  a  fine  blue  inner  cone  flame,  extending  approximately  3/ 4  in. 

9.  Apply  even  heat  to  joint  area  until  alloy  becomes  a  DULL  RED  COLOR. 

Keep  torch  on  the  joint  to  be  soldered,  and  position  a  fluxed  solder 
rod  on  the  Joint. 

10.  Apply  the  inner  blue  tip  (hottest  part)  of  the  flame  to  the  joint  and 
solder  rod.  Be  prepared  to  PUSH  the  ball  of  molten  solder  directly 
into  the  cavity  of  the  joint. 

11.  Continue  to  apply  heat,  but  move  the  inner  blue  tip  back,  to  a  distance 

of  1  in.  to  1-1/2  in.  Keep  heat  on  the  joint  until  sufficient  solder 
has  filled  the  cavity.  Only  use  the  REDUCING  ZONE  of  the  flame. 

12.  Remove  the  torch,  and  permit  the  unit  to  bench  cool. 

13.  Total  elapsed  time  for  soldering  should  be  approximately  30  sec. 


V 
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XI.  POST-SOLDERING  IHSTRUCTIOHS—COBOHD 
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A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Use  6l5  solder  (flows  at  1350  °F/732  °C) 

2.  FLUX  -  Dentsply  C&B  Fluoride  Flux 

3.  INVESTMENT  -  Use  BIOVEST  Soldering  Investment  rather  than  a  high-heat 

phosphate-bonded  casting  investment. 


B.  SOLDERING  TECHNIQUE:  We  recommend  a  porcelain  furnace  with  a  view  port  to 

monitor  the  soldering  process.  The  manufacturer  considers  the  use  of  a 

view  port  as  being  optional. 

1.  Remove  any  edges,  debris,  or  porcelain  covering  the  metal  surfaces 
to  be  soldered. 

2.  Create  a  GAP  DISTANCE  of  0.25  mm. 

3.  Cover  all  porcelain  with  sticky  wax  to  prevent  possible  investment 
contamination  or  discoloration  of  the  glazed  porcelain. 

4.  Invest  the  units  in  BIOVEST  Soldering  Investment. 

5.  Boil  out  wax  and  pieces  of  investment  to  clean  the  joint  area.  (If 
Duralay  is  used  b  •  join  the  units,  heat  to  900  °F/482  °C  and  clean.) 

b.  Flux  the  areas  to  be  soldered. 

7.  Cut  several  1/8  in.  to  1/4  in.  pieces  of  515  Solder,  and  place  them 
in  the  joints  to  be  soldered. 

8.  Place  the  invested  units  in  the  front  of  an  opened  porcelain  furnace 
muffle,  preset  to  a  temperature  of  oOO  °F/3lo  °C  (manual  oven  with 
horizontal  muffle).  The  preset  temperature  may  be  as  high  as  900  °F/ 
482  oc  for  automatic  ovens,  or  variations  in  the  horizontal  muffle. 

9.  Hold  at  the  muffle  entrance  for  IS  min.  HEAT  THE  WORK  SLOWLY  AND 
CAREFULLY  TO  PREVENT  PORCELAIN  CHECKING  AND  CRACKING. 

10.  Gradually  introduce  the  investment  block  into  the  muffle,  and  increase 
the  temperature  to  1550  °F  (843  °C) . 

11.  You  may  post-solder  with  or  without  vacuum. 

12.  Once  1550  °F  (p4j  °C)  has  been  reached,  HOLD  for  1  min. 

13.  Inspect  the  soldered  units,  and  BENCH  COOL  before  devesting. 

14.  Finish  the  soldered  joints  with  stones  and  rubber  wheels,  and  polish  to 
a  high  shine. 
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HOVARKY 

I.  GEBERAL  HTOBMATIOM 

ALLOY  TYPE:  "NON-PRECIOUS "  ALLOY  SYSTEM:  Cobalt-Chromium 

ALLOY  CONTENT:  55%  Cobalt,  25%  Chromium,  11%  Wolfram,  5%  Ruthenium,  and 
9%  Aluminum,  Yttrium,  Zirconium,  and  Niobium. 

MANUFACTURER : 


p 


Rx.  Jeneric  Gold  Company 
Jeneric  Industries,  Inc. 

P.0.  Box  721+ 

Wallingford,  Connecticut  061+92 


TELEPHONE  CONTACTS: 

Laboratory:  Mr.  Grant  Day 
Mr.  Rick  Tobey 
Research:  Dr.  Arun  Prasad 

ALLOY  INTRODUCED  IN:  1982 


TOLL-FREE  PHONE  NUMBER: 
l-(800)  21+3-3969,  Ext. 212  or  310 

COMMERCIAL  PHONE  NUMBER: 
l-(203)  265-7397  (in  Connecticut 
and  outside  U.S.,  call  "Collect  ") 

REGIONAL  SALES  REPRESENTATIVES: 

None 


F.D.A.  LISTED:  Yes 


A.D.A.  ACCEPTANCE  OR  PROVISIONAL  ACCEPTANCE:  NO 


II.  PHYSICAL  DESCRIPTION 


K 


A 


Ingot  color  -  Platinum 

Ingot  weight  -  2  dwt  3  grs  to  2  dwt  20  grs 

Ingot  identification  -  NONE 


Ingot  shape  -  Cylinder 
Ingots  per  ounce  -  7  per  oz 

Alloy  packaging  -  1  or  5  oz 


III.  PHYSICAL  AID  MECHANICAL  PROPERTIES 

Specific  gravity  (density)  -  8.75  g/ cc 
Brinell  hardness  number  -  260 
Vickers  hardness  number  -  275 

Percentage  elongation  (in  1  in.)  -  7% 

Ultimate  tensile  strength  -  110,000  psi  (  77^  kg/mm^) 

Yield  strength  (0.2%  offset)  -  90,000  psi  (63I*  kg/mm^) 

Bond  strength  -  13,000  psi 

Coefficient  of  thermal  expansion  -  .590%  §  1+50  °C 


MELTING  RANGE  -  2l+25~2l+75  °F 
(1329-1357  °C) 


CASTING  TEMPERATURE 
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IV.  WAXING  AND  SPRUING  INSTRUCTIONS— NOVAREX 


A.  MINIMUM  RECOMMENDED  WAX  THICKNESS: 


1.  SINGLE  UNITS  -  0.4 


2.  THREE-UNITS  FIXED  PARTIAL  DENTURES  -  0.4  ram 

3.  FIXED  PARTIAL  DENTURES  GREATER  THAN  3  UNITS  -  0.4  mm. 


B.  RECOMMENDED  SPRUING  TECHNIQUE: 

1.  SINGLE  UNITS  -  Use  the  DIRECT  METHOD,  with  1/4  in.  long,  straight  10- 

or  8-GAUGE  sprues  for  small  units,  and  6-  or  8-GAUGE 
1/4  in.  long,  straight  sprues  for  larger  ones  (Fig.  4-l). 

2.  MULTIPLE  SINGLE  UNITS  -  INDIRECT  SPRUING  is  recommended  for  multiple 

units  with  1/4  in.  long,  10-  or  8-GAUGE  sprues  (depend¬ 
ing  on  the  size  of  the  crown,  pontic,  or  coping)  con¬ 
nected  to  a  6-  or  8-GAUGE  runner  bar.  Extend  the  length 
of  the  runner  bar  slightly  beyond  the  width  of  the  units 
at  each  end.  Use  6-  or  8-GAUGE  offset  sprue  leads  to 
join  the  runner  bar  to  the  sprue  former  ''Fig.  4-2). 

3.  FIXED  PARTIAL  DENTURES  -  INDIRECT  SPRUING  is  recommended  for  multiple 

units  with  1/4  in.  long  8-  or  10-GAUGE  sprues  (depend¬ 
ing  on  the  size  of  the  crown,  pontic,  or  coping)  con¬ 
nected  to  a  6-  or  8-GAUGE  runner  bar.  Extend  the  length 
of  the  runner  bar  slightly  beyond  the  width  of  the  units 
at  each  end.  Use  6-  or  8-GAUGE  offset  sprue  leads  to 
join  the  runner  bar  to  the  sprue  former. 

NOTE :  The  runner  bar  should  be  shaped  to  conform  to  the  contour  of  the 
fixed  partial  denture.  If  the  bar  must  be  bent,  then  cut  and  rewax  it 
at  each  end  in  order  to  destroy  any  memory  in  the  wax  (Fig.  4-2). 


4.  VENTING 


Use  18-GAUGE  wire  wax,  approximately  1.0  mm  from  the  gin¬ 
gival  or  marginal  edge  of  the  facial  margin.  Extend 
the  vent  down  to  the  outer  edge  of  the  sprue  former 
be.se.  DO  NOT  CONNECT  THE  VENT  TO  THE  SPRUE  FORMER  BASE. 


5.  WAX  PATTERN  POSITIONING  -  If  me  wax  pattern  is  seated  too  low  in  the 
casting  ring,  build  up  the  sprue  former  with  wax  and 
raise  the  pattern.  This  technique  will  facilitate  wax 
elimination  and  the  escape  of  gases.  Arrange  the 
spruing  system  so  that,  the  reservoir  portion  is  in  the 
HEAT  CENTER  of  the  casting  ring,  with  the  wax  patterns 
in  a  COLD  ZONE  (Fig.  4—). 
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V.  INVESTMENT  AMD  BURNOUT  TECHNIQUE-- HOVAREX 

RECOMMENDED  INVESTMENTS: 

1.  PHOSPHATE-BONDED  INVESTMENTS:  A  NON-CARBON-containing  investment  (white 
color)  is  preferred.  Increase  burnout  time  if  a  CARBON-containing 
investment  (black  color)  is  used.  The  manufacturer  suggests  you  use 
undiluted  special  liquid,  but  we  frequently  noted  overexpansion.  Thus, 
we  often  use  50%  undiluted  special  liquid  and  50%  distilled  water  to 
reduce  expansion.  Although  no  nickel  is  in  this  alloy,  the  manufacturer 
warns  that  carbon-containing  investments  may  react  with  elements  such  as 
chromium,  wolfram,  and  niobium  and  form  carbides.  If  these  carbides  are 
allowed  to  form,  the  hardness  of  the  alloy  increases. 


NON-CARBON  TYPE: 

SPECIAL  LIQUID 

DISTILLED  WATER 

a.  Vestra-fine  (Unitek)  - 

15-5  cc 

0 

b.  Hi-Temp  (Whip-Mix) 

9.5  cc 

0 

CARBON-TYPE : 

a.  Biovest  (Dentsply)  - 

11.0  cc 

0 

b.  Deguvest  HFG  (Degussa)  - 

9.0  cc 

0 

2.  GYPSUM-BONDED  INVESTMENTS:  Not  recommended  for  this  alloy. 

RECOMMENDED  METHOD  OF  INVESTMENT:  HIGH-HEAT  rather  than  hygroscopic. 

MANUFACTURER'S  RECOMMENDED  ASBESTOS  SUBSTITUTE:  KAOLINER  (Dentsply),  DRY. 

We  prefer  to  use  one  WET  layer  of  the  NON-ASBESTOS  ring  liner  (Whip-Mix). 
Place  the  liner  flush  with  the  top  of  the  casting  ring,  but  leave  at  least 
a  1/8-in.  clearance  at  the  bottom  of  the  ring.  The  l/8~in.  clearance  will 
help  lock  the  investment  in  the  ring  when  the  investment  expands  (Fig.  4-2) 
If  additional  expansion  is  needed,  use  two  layers  of  asbestos  substitute, 
or  more  of  the  special  liquid  with  less  distilled  water. 


BURNOUT  TECHNIQUE: 

PHOSPHATE-BONDED  INVESTMENT:  Start  with  a  COLD  oven,  and  raise  the 
temperature  to  loOO  °F  (871  °C)  and  HEAT  SOAK  as  follows: 

a.  Single  ring  -  1  hr 

b.  Three  units  in  a  single  ring  -  L  hr  and  is  min 

c.  Multiple  units,  2-3  rings  -  2  hr. 
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VI.  MELTING  AND  CASTING  INSTRUCTIONS— NOVAREX 

.  CASTING  EQUIPMENT: 

1.  CASTING  MACHINE  (DO  NOT  USE  THERAMATROL  25CO  WITH  CARBON  CRUCIBLE): 

a.  Manufacturer 1 s  preferred  casting  equipment  -  Induction  system 

b.  Alternative  systems  include  -  Centrifuge 

2.  CASTING  TORCH  -  Harris  l6-S  with  #1390  H  multi-orifice  tip 

3.  CASTING  CRUCIBLES  -  Quartz  or  alumina;  DO  NOT  USE  CLAY  OR  CARBON  TYPE. 


.  QUANTITY  OF  ALLOY  NEEDED: 

1.  VOLUME  OF  METAL  NEEDED  -  Refer  to  conversion  chart  (Table  1 ) ." 

2.  I  REFERRED  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  50/50?  by  weight 

3.  MINIMUM  RATIO  OF  NEW  METAL  TO  RECAST  METAL  -  30/70?  by  weight. 


2.  MELTING  AND  CASTING  TECHNIQUE  (PROPANE,  preferred. 


NATURAL  GAS,  adequate) 


1.  OXYGEN-GAS  RATIO  -  35  psi  (OXYGEN)  or  5  psi  (PROPANE). 


2.  SETTING  CASTING  MACHINE  -  Add  one  turn  to  casting  machine  to  compen¬ 
sate  for  the  alloy's  lower  density. 


3.  FLAKE  ADJUSTMENT  -  Adjust  the  torch  to  produce  inner  blue  cones  1/1*  in 

in  length,  and  to  create  a  distinct  hissing  sound 
(Fig.  4-12).  (The  length  of  the  inner  blue  cones  in 
the  neutral  condition  depends  on  the  flow  and  the 
regulated  pressure  of  both  the  oxygen  and  the  gas.) 


4.  Ai  PUARANCE  OF  THE  MELT  (Same  as  Rexillium  III)  -  Place  the  alloy  in  a 

preheated  crucible,  and  keep  the  torch  moving  in  a 
rotating  motion  to  heat  all  of  the  metal  evenly. 
Oxides  will  form  around  each  ingot  or  button  and 
prevent  coalescence  or  pooling. 


5.  CASTING  FLUX 

6.  WHEN  'i’0  CAST 


Not  recommended;  do  not  disturb  the  oxide  layer. 

When  the  alloy  starts  to  SLUMP  or  SAG,  place  the  cast¬ 
ing  ring  in  position.  CAST  tne  metal  after  the  dark 
shadow  disappears,  and  the  pressure  of  the  flame 
causes  molten  alloy  inside  the  oxide  skin  to  move. 


7.  RECOVERY  OF  CASTING 
D.  INDUCTION  CATLING  (Sta 


wi 


TENCH  COOL;  DO  NOT  QUENCH; 
th  a  preheated  crucible): 


NOT  PICKLE. 


1.  Set  ATM  SPEED  between  4 00  and  4 50  RPM. 

2.  Set  Power  to  high. ' 

3.  Kak;  sure  alloy  in  PULSATING  and  DAMPING. 

4.  Automatic  cast  in  *  suirr.vnt  -  TYCO  °F  (1462 


>C), 


A I  close  ot  tint. 
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VII.  ADJUSTING  AHD  FIHISHIHG — SOVAREX 

A.  REMOVING  THE  SPRUE: 

1.  SEPARATING  DISC  -  Use  any  thin  separating  disc  of  your  choice. 

2.  GRINDINGS  -  Use  suction  to  remove  grindings,  and  try  to  avoid 

mixing  non-precious  with  precious  grindings. 


B.  FITTING  THE  CASTING: 

1.  REMOVE  INTERNAL  NODULES  -  Carefully  inspect  the  inside  of  each  casting 

under  magnification,  and  remove  any  irregularities. 

2.  EVALUATE  THE  FIT  -  Verify  an  acceptable  level  of  occlusal/ incisal  seat 

and  marginal  seal,  before  proceeding  to  any  additional 
finishing  steps. 

3.  QUALITY  CONTROL  CHECK  -  Unsatisfactory  castings  (poor  fit,  overheated 

alloy,  extensive  porosity)  should  be  remade. 

k.  INITIAL  OCCLUSAL  ADJUSTMENT  -  Articulate  the  casting  and  refine  the 

occlusion,  as  necessary. 


C.  FINISHING  THE  CASTING: 

1.  STONES  AND  WHEELS  -  Use  stones,  carbide  burs,  and  burlew  wheels. 

2.  POLISHING  - 

a.  Use  Rx  NP  Polishing  Compounds  #1  and  #2,  or  similar  materials; 

b.  or  use  removable  partial  denture  polishing  compounds,  such  as 
Ti-Cor  and  Ti-Hi  (Ticonium),  rather  than  BBC  (Jelenko). 

NOTE:  Non-preclous  alloys  are  more  difficult  to  adjust,  polish,  and  finish 
than  their  precious  alloy  counterparts.  Therefore,  allow  additional  time 
for  these  steps. 

3.  AVOID  METAL  CONTAMINATION  -  Put  aside  a  set  of  finishing  stones  for 

this  particular  alloy,  to  prevent  contamination  of 
the  metal. 

U.  ADJUSTMENT  TECHNIQUE  -  Use  the  uncontaminated  aluminum  oxide  abrasives 

to  produce  a  smooth,  even  textured  surface  for  all 
porcelain-bearing  areas.  Finish  the  metal  surface 
in  one  direction,  using  light  pressure. 
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VIII.  PREPARATION  OF  THE  METAL  FOR  PORCELAIN — NOVAREX 


A.  PREPARATION  OF  THE  METAL  SUBSTRATE: 

1.  NON-PORCELAIN  BEARING  SURFACES  -  Rubber-wheel  all  non-porcelain  bearing 

areas  (lingual/ occlusal  surfaces,  interproximal  struts, 
and  metal  collars)  to  remove  all  scratches  prior  to  the 
application  of  porcelain. 

2.  PORCELAIN-BEARING  SURFACES  -  Air-abrade  the  finished  metal  surfaces  with 

a  50-^un  non-recycled,  uncontaminated  aluminum  oxide 
(white)  abrasive  under  90-100  psi. 

3.  CLEANING  -  Steam  clean  the  metal  substrate,  or  place  in  distilled  water 

in  an  ultrasonic  unit  for  10  min,  after  rubber-wheeling 
and  air-abrading. 


B.  OXIDATION  (DEGASSING)  OF  THE  METAL  SUBSTRATE: 

1.  LOW  temperature  setting  -  1200  °F  (649  °C) 

2.  HIGH  temperature  setting  -  1900  °F  (1040  °C) 

3.  Rate  of  rise  -  90-100  oF  (50-55  °C) 

4.  Atmosphere  -  FULL  VACUUM  (26-28  in.  of  Hg) 

5.  HOLD  time  at  HIGH  temperature  -  None 

6.  Appearance  of  the  oxide  layer: 

a.  A  PROPERLY  oxidized  layer  -  YELLOWISH-BROWN  color 

b.  An  OVERoxidlzed  layer  -  GREENISH  color 

c.  An  UNDERoxidized  layer  -  BLUE-GRAY  color 


C.  POST-OXIDATION  TREATMENT:  The  manufacturer  has  indicated  that  two  options 
are  available  in  the  management  of  the  oxidized  casting. 

1.  REMOVE  THE  OXIDE  LAYER  -  Air-abrade  all  porcelain-bearing  areas  with 

non-recycled,  50-^Um  aluminum  oxide  (white  in  color). 

2.  CLEANING  -  Steam  clean  or  place  in  distilled  water  in  an  ultrasonic 

unit  for  10  min,  if  you  air-abraded  the  oxide  layer. 
Proceed  with  the  application  of  opaque  porcelain  after 
this  cleaning  step. 

3.  RETAIN  THE  OXIDE  LAYER  -  You  may  apply  opaque  porcelain  directly  over 

the  oxide  layer  (manufacturer's  preference). 


294 


w. 


'  .  .  .  .s. 


— SECTION  11:  ATTACHMENT  2- 


IX.  PORCELAIN  COMPATIBILITY — NOVAREX 


A.  PORCELAIN  SYSTEM  COMPATIBILITY  CHART:  The  following  information  has 
been  provided  by  the  alloy  manufacturer  (X): 


DENTAL  PORCELAIN 


PORCELAIN  COMPATIBILITY 
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X.  PRE-SOLDERIHG  IHSTRUCTIOHS — HOVAREX 


A.  RECOMMENDED  MATERIALS: 

1.  SOLDER  -  Non-precious  (Rx  HF  Solder  -  flows  at  2200  °F/1204  °C); 

precious  (Rx  PNP  -  flows  2075-2130  °F/ 1135-1166  °C) 

2.  FLUX  -  HF  Flux 

3.  INVESTMENT  -  Hi-Heat  Soldering  Investment  (Whip-Mix),  or  a  NON-CARBON 
high-heat  casting  investment  with  distilled  water  (no  special  liquid). 

B.  PRE-SOLDERING  TECHNIQUE:  Use  the  MAGIC  WAND  torch  (Williams)  with  its 

#248  tip,  or  the  HARRIS  16-S  torch  with  a  2N  tip. 

1.  Grind,  with  aluminum  oxide  stones,  all  surfaces  to  be  soldered.  This 
process  will  remove  any  oxides  or  contaminants  which  would  impede 
pre-soldering. 

2.  Create  a  GAP  DISTANCE  between  0.4  and  0.5  mm. 

3.  Mix  investment  so  it  is  thick;  turn  fixed  partial  denture  upside  down; 
fill  the  inside  of  the  castings  with  the  mix;  add  a  little  extra  on 
top;  and  Invert  onto  a  patty  of  investment.  Do  not  let  the  casting 
settle  into  the  Investment. 

4.  Allow  investment  to  reach  final  set;  place  in  an  oven  at  a  temperature 
of  1000  °F  (540  °C)  for  20  min. 

5.  The  heat  source  may  be  OXYGEN  (5  psi)  and  natural  GAS  (2  psi). 

[IDEALLY,  manufacturer  recommends  OXYGEN  (5  psi)  and  PROPANE  (2  psi).] 

6.  Adjust  torch  to  establish  LIGHT  BLUE  inner  cone  flame(s)  (NEUTRAL  FLAME) 
approximately  1/2  in.  long. 

7.  Drip  the  Rx  HF  solder  rod  in  the  LF  flux,  and  try  to  put  as  much  flux 
on  the  rod  as  it  will  hold;  remove  the  invested  bridge  from  the  oven; 
and  apply  the  flux  to  the  joint  to  be  soldered.  The  flux  should  flow 
through  the  joint.  Pull  the  solder  rod  away,  and  heat  the  joint  to 
bring  the  parent  metal  to  a  red  hot  (ORANGE- WHITE)  color.  At  this 
time,  put  the  solder  rod  TO  THE  JOINT  AREA,  and  the  solder  should  flow 
with  the  heat  of  the  parent  metal. 

8.  Remove  the  solder  rod;  pull  back  on  the  torch,  but  keep  the  bridge  under 
the  flame  for  about  5  sec  to  achieve  a  chemically  bonded  solder  joint. 

9.  ALLOW  TO  BENCH  COOL,  and  repolish  the  metal. 


10.  Follow  the  foregoing  procedures  when  using  the  PRECIOUS  SOLDER,  Rx  PNP, 
and  the  Rx  PNP  Flux. 
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XI.  POST-SOLDERING  INSTRUCTIONS — NOVAREX 

A.  RECOMMENDED  MATERIALS :  The  porcelain  units  are  assumed  to  have  been  glazed 
and  polished,  and  the  metal  substructures  designed  appropriately  for  the 
post-soldering  procedure. 

1.  SOLDER  -  WLF  Solder  (melting  range  1310-1370  °F/7l0-743  °C) 

2 .  FLUX  -  LF  Flux  is  optional 

3.  INVESTMENT  -  Same  as  pre-soldering  technique. 

B.  POST-SOLDERING  TECHNIQUE:  Use  a  porcelain  furnace  for  this  procedure.  It 
is  especially  helpful  if  the  oven  has  a  muffle  view  port  (also  referred  to 
as  a  "sight  window")  to  permit  observation  of  the  soldering  process. 

1.  Invest  in  the  normal  manner  for  oven  soldering  (protect  all  glazed 
porcelain  surfaces  bv  covering  them  with  wax.) 

2.  Flux  the  joint  generously. 

3.  Cut  and  place  small  pieces  of  solder  in  the  joint.  (Feed  more  into  the 
joints  as  needed.) 

4.  Dry  the  investment  slowly  and  thoroughly. 

5.  Vacuum-fire  the  work  in  a  porcelain  oven  at  approximately  1574  °F^657  °C 

6.  The  solder  should  flow  readily  and  fill  the  joint  space(s). 

7.  Cool  the  work  slowly;  remove  the  investment;  and  polish  the  joint  areas. 


SECTION  12: 


THE  BIOCOMPATIBILITY  OF  DENTAL  CASTING  ALLOYS 


12-1.  INTRODUCTION 

One  of  the  major  advantages  of  the  use  of  substantial  quantities  of 
gold  in  dental  casting  alloys  has  been  the  high  degree  of  confidence  in  the 
biocompatibility  of  restorations  made  with  such  material.  During  the  last 
decade,  there  was  an  unprecedented  increase  in  the  number  of  dental  casting 
alloy  formulations,  many  of  which  did  not  contain  gold  or  some  other  noble 
or  precious  metal. 1  Low  cost,  non-precious  nickel-chromium  alloys  appear  to 
have  been  particularly  popular, 2  especially  those  which  contained  beryllium. 
However,  the  absence  of  substantiated  safety,  efficacy,  and  studies  of  their 
long-term  clinical  reliability  has  raised  concerns  for  the  biocompatibility 
of  the  nickel-  and  the  beryllium-containing  alloys. 1 

The  situation  is  further  compounded  if  clinicians  and  dental  technicians 
do  not  know  the  composition  of  the  alloys  they  use  routinely.  Dental  casting 
alloys  are  an  integral  part  of  the  practice  of  dentistry,  so  an  appreciation 
of  their  biocompatibility  and  safety  should  be  of  interest  to  dental  laboratory 
technicians,  clinicians,  and  patients  alike. 

Unfortunately,  it  is  not  always  easy  to  study  these  issues  and  draw 
clear-cut  conclusions  or  correlations.  Moreover,  published  reports  appear  in 
various  publications  (medical/dental  journals,  textbooks,  etc.),  and  the  infor¬ 
mation  may  not  be  widely  read.  Therefore,  this  Section  incorporates 

pertinent  findings,  conclusions,  and  recommendations  from  several  published 
reports  which  should  be  accessible  to  dental  personnel.  The  literature  is 
too  extensive  on  this  particular  subject  to  permit  other  than  an  overview 
of  important  facts. 


12-2.  ESTIMATES  OF  THE  COMMERCIAL  USE  OF  NON-PRECIOUS  ALLOYS 

One  survey  of  1,000  commercial  dental  laboratories  in  1978  reported 
that  only  2 9%  of  the  laboratories  were  using  either  nickel-chromium  or  cobalt- 
chromium  alloys. 3  in  the  ensuing  years,  the  percentages  of  base  metal  alloy 
use  increased  to  66%  in  1980,  and  then  to  70$  in  1981.3  Of  all  the  non¬ 
precious  systems  used  for  PFM  restorations,  the  majority  were  nickel-chromium 
as  opposed  to  cobalt-chromium  alloys . 


12-3.  THE  BIOCOMPATIBILITY  OF  NICKEL 

Nickel  is  the  primary  constituent  in  the  nickel-chromium-beryllium  and 
the  nickel-chromium  beryllium-free  alloys  used  for  the  PFM  restoration.  Since 
these  alloys  are  so  Inexpensive,  they  are  also  employed  to  fabricate  full  and 
partial  metal  crowns,  as  well  as  to  cast  posts  and  cores. 
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Even  alloys  used  for  removable  partial  denture  frameworks,  such  as 
Ticonium,  are  nickel-chromium-beryllium  formulations.  So  nickel,  chromium, 
and  beryllium  are  components  of  a  wide  array  of  materials  that  are  routinely 
used  in  both  civilian  and  military  laboratories. 


Exposure  to  nickel  is  not  limited  to  dental  alloys.  In  fact,  nickel  is 
part  of  everyday  living  due  to  its  presence  in  air,  food  and  cooking  utensils, 
as  well  as  the  silver  coins  we  carry. ^ 

a.  Hickel  Sensitivity 


Studies  have  shown  that  approximately  10#  of  the  female  population  and 
less  than  1#  of  the  male  population  are  nickel  sensitive. 5  A  rate  of  10#  is 
considered  high, 11  yet  among  female  dermatological  patients,  10-30#  of  this 
patient  population  will  have  a  positive  patch  test  to  nickel. ° 


Moffa  and  others  reported  that  80#  of  the  confirmed  nickel-sensitive 
patients  they  examined  also  had  a  positive  response  to  nickel-chromium 
dental  casting  alloys. 7  Therefore,  the  nickel  in  non-precious  casting 
alloys  is  available  as  an  allergen,  and  could  be  considered  as  a  potential 
sensitizer.1* 


b.  The  197 ^  Report  of  the  Council  on  Dental  Materials  and  Devices^ 

This  1971*  Report  to  the  American  Dental  Association  presented  an  overview 
of  the  physical  and  mechanical  properties,  as  well  as  the  handling  character¬ 
istics,  of  non-precious  alloys  intended  for  use  in  the  fabrication  of  the  PCT4 
restoration. 8  The  subject  of  biocompatibility  was  addressed  briefly,  with  con¬ 
flicting  reports  of  tissue  acceptance.  One  conclusion  was  that  the  "clinical 
Implications  of  the  soft  tissue  implantation  are  not  clear."8 


The  handling  recommendations  for  nickel-containing  alloys  included  in  the 
1971+  Report  centered  on  controlling  the  beryllium  component  of  the  alloys.  At 
that  particular  time,  no  mention  was  made  of  any  restrictions  in  the  use  of 
nickel-containing  alloys. 


c.  The  1982  Report  of  the  Council  on  Dental  Materials,  Instruments, 
and  Equipment* 

In  the  eight  years  following  the  197^  Report,  nickel-chromium  alloys  took 
over  70#  of  the  market  by  some  estimates. 2  Consequently,  the  1982  Report  focus¬ 
ed  on  the  carcinogenic  risk,  sensitivity  risk,  and  nickel  exposure  standard 
for  nickel-containing  alloys. 

The  1982  Report  stated  that  no  A.D.A.  specifications  existed  for  certifi¬ 
cation  of  non-precious  (base)  metals  for  fixed  prosthodontics .  However,  these 
alloys  are  eligible  for  classification  under  the  A.D.A.  Acceptance  Program — 

*  Ticonium  Company,  Albany,  NY  12201. 


for  metals  used  for  Cast  Dental  Restorative  and  Prosthetic  Devices — on  the 
basis  of  submission  of  biological,  laboratory,  and  clinical  evidence  of  safety 
and  efficacy.  One  precondition  to  the  award  of  A.D.A.  Acceptance  or  Provision¬ 
al  Acceptance  is  that  the  alloy  package  must  bear  the  following  warning  label: 

" CAUTION:  THIS  ALLOY  CONTAINS  HICKEL  AID  SHOULD  HOT  BE  USED  FOR  INDIVIDUALS 
WITH  A  KNOWN  HICKEL  SENSITIVITY . " 

It  was  also  pointed  out  that  the  data  implicating  nickel  and  nickel 
compounds  were  derived  from  epidemiologic  studies  of  workers  associated  with 
nickel  industries.  No  direct  evidence  existed  which  implicated  the  use  of 
nickel-containing  dental  alloys  with  induced  nickel  sensitivity. 

Since  a  significant  portion  of  the  population  may  be  allergic  to  nickel, 
it  was  emphasized  that  particular  attention  should  be  focused  on  identifying 
the  nickel-sensitive  patient.  An  accurate  and  complete  health  history  was 
recommended,  since  nickel-containing  alloys  were  contraindicated  in  patients 
with  a  known  or  suspected  nickel  sensitivity. 

Also,  "there  was  no  experimental  evidence  that  nickel  compounds  are 
carcinogenic  when  administered  by  oral  or  cutaneous  routes."1*  High  incidence 
of  cancer  of  the  respiratory  organs  has  been  noted,  however,  in  workers  asso¬ 
ciated  with  nickel  refining,  smelting,  and  electroplating.  Exposure  to  air¬ 
borne  nickel  or  its  compounds  was  considered  a  major  contributing  factor  in  a 
large  portion  of  the  deaths  from  lung  and  nasal  cancer  in  nickel  refinery 
workers.  Based  on  this  information,  the  1982  Report  recommended  that  "pre¬ 
cautions  be  taken  to  prevent  the  aspiration  of  nickel-containing  dust  produced 
during  grinding  operations." 

Emphasis  was  also  placed  on  the  responsibility  of  dentists  to  know  the 
composition  of  the  alloys  they  use  and  whether  or  not  these  alloys  contain 
nickel.  Dentists  should  inform  their  patients  of  the  make-up  of  the  alloys 
used,  and  document  that  information  in  each  patient’s  chart. 

The  report  summary  pointed  out  that  no  direct  evidence  was  available  to 
indicate  that  nickel  sensitivity  could  be  caused  by  the  use  of  nickel- 
containing  alloys.  Moreover,  "the  question  remains  unanswered  as  to  whether 
there  is  a  danger  that  long-term  intraoral  exposure  to  a  nickel-containing 
dental  alloy  can  result  in  an  induced  nickel  sentistivity. "1* 

The  1982  Report  concluded:  "  Therefore,  based  on  extant  information, 
the  use  of  nickel-containing  dental  alloys  should  be  done  in  a  knowledgeable 
manner.  m1+ 


d.  The  1985  Report  of  the  Council  on  Dental  Materials,  Instruments, 
and  Equipment^ 

The  1985  Report  for  the  Council  was  not  prepared  by  the  same  individual 
who  wrote  the  197**  and  1982  articles  on  nickel-  and  beryllium-containing 
alloys.  By  comparison,  the  1985  Report  provided  additional  data  from  studies 
dealing  with  nickel  sensitivity  and  nickel  allergy,  and  expressed  more  serious 
concerns  for  the  biocompatibility  of  nickel-base  alloys. 
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An  example  was  from  a  study  reported  by  Moffa  et  al.,7  in  which  one  of 
the  sensitized  patients  reported  a  burning  and  itching  sensation  during  the 
first  2k  hr  .  That  same  patient  had  a  slight  erythematous  reaction  on  the 
palatal  mucosa.  In  addition,  three  patients  reported  itching  at  the  site  of 
the  nickel  patch  test,  while  the  intraoral  appliance  containing  nickel  was  in 
use.  The  1985  Association  Report  assessed  this  information  in  the  following 
manner: 

"Such  reactions  at  remote  sites  may  result  in  underestimations  of  the 
incidence  of  allergic  response  triggered  by  intraoral  appliances. "2  In 
other  words,  the  mere  absence  of  intraoral  changes  may  not  indicate  that 
adverse  reactions  have  not  occurred.  The  implication  is  that  changes 
may  occur  from  the  placement  of  nickel-base  alloys,  but  since  they  are 
remote  from  the  oral  cavity,  no  direct  connections  have  been  made  between 
the  two  events  to  date.  The  report  recommended  that  "as  a  conservative 
approach,  the  dentist  should  adopt  the  policy  that  evidence  of  a  previous 
allergic  response  to  any  alloy  is  sufficient  to  contraindicate  the  use  of 
nickel-based  alloys. "2 

Despite  the  reported  correlation  between  nickel  and  cancer  among  workers 
in  the  nickel  industry,  emphasis  was  placed  on  the  statement  that  "it  appears 
that  the  potential  carcinogenic  risks  of  nickel  are  less  likely  to  affect 
dental  patients."  Dental  technicians,  on  the  other  hand,  "should  be  provided 
with  adequate  protective  facilities  so  that  such  risks  are  minimized"  due  to 
"their  far  greater  time-weighted  exposure  to  nickel  and  beryllium. "2 
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The  summary  of  the  1985  Report  contained  several  highly  significant 
statements  regarding  the  nickel-chromium  alloys.  First,  it  was  pointed  out 
that  "despite  the  widespread  use  of  nickel-based  alloys,  claims  for  the  safety 
of  these  alloys  have  not  yet  been  accepted  universally."  More  importantly, 
"the  dental  profession  may  be  overgeneralizing  the  relative  safety  of  nickel 
alloys  because  of  the  lack  of  allergy-induced  intraoral  lesions  observed  in 
private  practices." 


e.  Other  Pertinent  Reports  on  Rlckel  Bioconpatibility 

Piliero  et  al.  studied  the  biocompatibility  of  various  of  dental  casting 
alloys,  including  one  that  contained  nickel,  chromium,  and  beryllium,  in 
hamsters.  ^  They  were  unable  to  detect  any  adverse  weight  changes  or  abnormal 
behavioral  patterns  during  the  l4-day  study.  Gross  examination  of  the  cheek 
pouches,  where  the  alloy  specimens  were  placed,  did  not  differ  from  the  control 
animals.  It  is  difficult  to  assess  the  impact  of  a  report  such  as  this  because 
the  study  was  only  two  weeks  in  length.  It  remains  to  be  seen  what  the  findings 
might  be  at  6  months,  2  years,  5  years,  etc.  Restorations  are  placed  with  the 
expectation  that  they  will  last  for  years  rather  than  two  weeks. 

In  contrast,  one  of  the  more  controversial  articles  to  appear  in  the 
dental  literature  was  a  preliminary  report,  on  the  effects  of  nickel  and  dental 
amalgam  on  T- lymphocytes,  published  in  198^. 10  The  restorations  of  three 
patients  were  removed.  The  type  of  restorative  material  used  was  switched 
each  time  while  the  T- lymphocyte  level  was  measured  with  every  change.  The 
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T-lymphocyte  levels  decreased  more  than  normal  when  dental  amalgam  restorations 
and  a  nickel-chromium  beryllium-free  PFM  crown  were  inserted.  Replacing  the 
amalgams  and  nickel-based  crown  with  acrylic  resin  provisional  restorations, 
cast  gold  restorations,  or  an  all-ceramic  crown  resulted  in  a  corresponding 
increase  in  the  total  number  of  T-lymphocyte s. 

The  Implication  was  made  that  dental  amalgam  and  nickel-based  casting 
alloys  were  responsible  for  the  reduction  in  T-lymphocyte  levels.  Since  the 
human  T- lymphocytes  regulate  the  immune  response  system,  it  was  concluded 
that  normal  immune  function  might  be  impaired  due  to  the  reduction  in  the 
quantity,  quality,  and  ratio  of  the  helper  and  suppressor  T-lymphocytes .  The 
conclusions  of  such  a  preliminary  report  merit  our  attention.  However,  more 
research  is  needed  in  order  to  determine  the  ramifications  of  such  a  study. 

Strauss  and  Eggleston  recently  published  a  case  report  in  which  they 
suggested  that  a  female  patient  may  have  developed  IgA  nephropathy  as  the 
result  of  placement  of  PFM  crowns  constructed  from  a  nickel-base  alloy. 11 
They  contended  that  the  kidney  disorder  "occurred  following  placement  of 
nickel  alloy  base  dental  crowns  and  showed  evidence  of  resolution  following 
their  removal  years  laters."  In  this  report,  Strauss  and  Eggleston  stated 
that  they  "suggest  the  possibility  that  intraoral  nickel  placement  may  have 
induced  immune-mediated  events  resulting  in  this  form  of  immune  complex 
glomerulonephritis. "  Moreover,  they  concluded  that  their  "patient  may 
represent  an  example  of  nickel-induced  sensitization..."  Should  this  con¬ 
clusion  prove  to  be  true,  it  would  represent  the  most  serious  challenge  to 
the  long  held  belief  that  "currently,  there  is  no  direct  evidence  to  indicate 
that  the  intraoral  use  of  nickel-containing  alloys  will  result  in  an  induced 
nickel-sensitivity. 

Covington  et  al.  used  30  casting  alloys,  14  of  which  contained  nickel  or 
nickel  and  beryllium,  to  study  nickel  and  beryllium  release  from  the  alloy 
surface.12  After  preliminary  work  to  determine  the  nature  of  nickel  release 
in  human  saliva  at  pH  levels  of  2  through  6  for  5,  10,  20,  and  30  days,  the 
specimens  were  immersed  for  120  days.  The  results  of  the  120-day  analysis  for 
nickel  and  beryllium  were  compared  with  those  of  the  5~,  10-,  20-,  and  30-day 
incubation  levels. 

These  results  indicated  that  allergic  responses  to  nickel-containing  cast 
crowns  may  occur  through  two  possible  mechanisms12:  First,  a  patient  who 
already  is  sensitized  to  nickel,  whether  previously  diagnosed  or  not,  may 
develop  a  reacton  from  the  dissolution  of  nickel  by  the  saliva  and  from  the 
subsequent  ingestion  of  the  metal.12  Second,  the  nonsensitized  patient  may 
become  sensitized  by  the  dissolved  and  ingested  nickel  or  by  local  irritation 
from  gingival  fluid  exchange.12  In  addition,  the  presence  of  beryllium  in  the 
alloy  appeared  to  increase  the  amount  of  nickel  dissolution. 12  In  fact,  "the 
combination  of  nickel  and  beryllium  in  an  alloy  potentiates  the  dissolution  of 
the  other  in  acidic  media".12 

On  the  basis  on  their  study,  Covington  et  al.  concluded  that  "nickel- 
beryllium  dental  casting  alloys  possess  the  potential  to  be  a  significant 
hazard  to  the  laboratory  technician,  dentist,  and  patient."12 
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f.  A  Sumary  of  Important  Information  on  Hlckel 

From  the  reports  cited  in  the  discussion  of  nickel  sensitivity  and 
allergy,  the  following  information  about  nickel  should  be  considered: 

1.  Nickel  is  one  of  the  most  common  allergens  and  the  most  potent 
sensitizer  of  all  metals. 12 

2.  Approximately  10$  of  all  women  and  less  than  1$  of  all  men  are 
nickel  sensitive. 5 

3.  Chronic  exposure  to  nickel-containing  jewelry  and  stainless  steel 
utensils  is  believed  to  be  linked  to  nickel  sensitivity  and/or 
nickel  allergy. 12 

4.  "Dermatologists  currently  believe  that  ingestion  of  small  quantities 
of  nickel  may  be  a  more  important  factor  in  allergic  response  to 
nickel  than  external  contacts  with  the  metal."12 

5.  Beryllium  apparently  enhances  the  release  of  nickel. 12 

6.  Nickel-containing  casting  alloys  may  adversely  affect  the  quantity 
of  T- lymphocytes  in  humans. 10 

7.  A  case  of  suspected  nickel-induced  sensitivity  brought  about  from 
the  use  of  a  nickel-containing  PFM  alloys  has  been  reported. H 

8.  "Despite  the  widespread  use  of  nickel-based  alloys,  claims  for  the 
safety  of  these  alloys  have  not  yet  been  accepted  universally." 2 

9.  "The  dental  profession  may  be  overgeneralizing  the  relative  safety 
of  nickel  alloys  because  of  the  lack  of  allergy-induced  intraoral 
lesions  observed  in  private  practices. "2 


12-4.  THE  BIOCOMPATIBILITY  OF  BERYLLIUM 

Beryllium  is  a  popular  component  of  the  nickel-chromium  alloy  system 
because  it  lowers  the  melting  range  of  the  alloy,  improves  castability,  acts 
as  a  hardener,  and  helps  control  oxide  formation  for  the  porcelain-to-metal 
bond.  Of  the  nickel-base  alloys  for  the  PFM  restoration,  the  nickel-chromium 
beryllium  group  seems  to  be  the  more  popular  of  the  two. 

The  weight  percentage  of  beryllium  in  PFM  alloys  generally  ranges  be¬ 
tween  1.7  and  1.8$,  and  rarely  exceeds  2$2.  The  Ni-Cr-Be  alloy  formulations 
for  removable  partial  dentures  may  contain  less  than  1$  beryllium,  by  weight. 
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a.  The  197^  Report  of  the  Council  on  Dental  Materials  and  Devices® 

Beryllium  was  clearly  presented  in  this  Report  as  a  "potentially  toxic" 
material  "under  uncontrolled  conditions."®  It  was  emphasized  that  the  main 
hazards  associated  with  exposure  to  beryllium  and  beryllium  compounds  came 
from  the  melting,  grinding,  and  milling  of  metals  containing  these  substances. 
It  was  further  pointed  out  that  the  primary  route  of  exposure  has  inhalation  of 
beryllium  fumes  and  dust  produced  from  the  melting  and  grinding  of  beryllium- 
containing  alloys.  Therefore,  adequate  local  exhaust  ventilation  should  be 
provided  when  such  operations  are  performed. 

According  to  the  Report,  no  instances  of  beryllium  toxicity  had  been 
reported,  and  no  evidence  existed  that  small  amounts  of  grinding  and  polishing 
of  restorations  in  the  mouth  would  generate  toxic  levels  of  beryllium  dust. 

Despite  these  assurances,  the  Report  emphasized  the  need  to  comply  with 
the  Occupational  Safety  and  Health  Administration  (OSHA)  guidelines  for  hand¬ 
ling  beryllium-containing  alloys.  The  handling  recommendations  for  dental 
laboratories  included:  use  adequate  local  exhaust  ventilation;  wear  approved 
respirators  when  local  exhaust  ventilation  is  not  operating  or  until  it  is 
installed;  ensure  adequate  general  ventilation  in  the  laboratory;  place  warning 
signs  in  areas  where  dust  is  produced  from  the  grinding  of  beryllium-containing 
alloys;  exchange  laboratory  coats  for  clean  ones  on  a  weekly  basis;  remove  dust 
from  clothing  and  work  areas  with  power  suction  rather  than  air  hoses;  inform 
every  employee  of  the  hazards,  and  advise  them  of  the  proper  handling  of 
beryllium-containing  alloys. 

In  addition,  manufacturers  should  Inform  laboratory  purchasers  of  the 
beryllium  content  and  the  need  for  handling  safeguards.  Moreover,  the 
laboratories  should  advise  the  dentist  of  the  presence  of  beryllium  in  fixed 
or  removable  partial  denture  prostheses,  so  that  the  dentist  can  take  appro¬ 
priate  steps  when  making  adjustments. 

b.  The  1982  Report  of  the  Council  on  Dental  Materials,  Instruments, 

and  Equipment^ 

The  1982  Report  dealt  exclusively  with  the  issues  surrounding  the 
biocompatibility  of  nickel,  and  did  not  include  any  additional  information 
on  beryllium  or  beryllium  compounds. 


c.  The  1985  Report  of  the  Council  on  Dental  Materials,  Instruments, 
and  Equipment2 

In  a  discussion  of  the  hazards  of  and  precautions  in  handling  beryllium- 
containing  alloys,  it  was  noted  that  despite  the  small  weight  percentage  of 
beryllium  (less  than  2%),  "the  amount  of  beryllium  vapor  released  into  the 
breathing  space  during  the  melting  of  nickel-chromium-beryllium  alloys  may 
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be  significant  over  an  extended  period. "2  A  nickel-chromium  alloy  which 
contains  1.8#  beryllium  on  a  weight  basis  will  contain  10.7#  beryllium  on 
an  atomic  basis,  due  to  the  fact  that  beryllium  has  an  atomic  weight  of  9 
and  a  density  of  1.85. -*-2  Therefore,  to  make  up  1.8#  of  the  weight  of  an 
alloy,  approximately  10.7#  of  the  total  volume  of  the  metal  is  beryllium. 2 

The  1985  Report  mentioned  that  "exposure  to  beryllium  may  result  in 
acute  and  chronic  forms  of  beryllium  disease."  Equally  important  was  the 
statement  that  "workers  exposed  to  moderately  high  concentrations  of  Be  dust 
for  a  short  time  or  exposed  to  low  concentrations  of  beryllium  for  a  long  time, 
may  experience  symptoms  of  acute  diseases. The  types  of  physiological 
responses  which  one  may  experience  "vary  from  contact  dermatitis  to  severe 
chemical  pneumonitis,  which  can  be  fatal. "12  Also,  the  symptoms  of  chronic 
disease  may  not  appear  for  years  following  the  time  of  exposure.  This  point 
was  emphasized  when  the  two-week  study  by  Piliero  et  al.  was  discussed.9  Some 
of  the  symptoms  of  beryllium  disease  included  coughing,  chest  pains,  and 
general  weakness  due  to  pulmonary  dysfunction. 

According  to  a  1976  Report,  the  incidence  of  lung  cancer  among  dental 
laboratory  technicians  was  then  U.05  time  higher  than  that  of  all  the  other 
occupations  identified. 13  No  direct  link  was  intended  to  be  made  with  Be; 
for  dental  technicians  have  a  higher  incidence  of  cigarette  smoking  and  also 
handle  other  potentially  harmful  materials,  such  as  investment  powder,  gypsum 
products,  dental  porcelain,  nickel  and  chromium  alloy  grindings,  and  some  may 
still  be  using  asbestos. 2 

As  mentioned  in  the  discussion  on  nickel,  the  Report  emphasized  that  the 
"safety  of  these  alloys  has  not  yet  been  accepted  universally. "2  At  the  same 
time  "the  dental  profession  may  be  overgeneralizing  the  relative  safety  of 
nickel  alloys  because  of  the  lack  of  allergy-induced  intraoral  lesions  observed 
in  private  practices. "2 


d.  Other  Pertinent  Reports  on  Beryllium  Biocompatibility 

In  198^,  Covington  et  al.  reported  a  brief  summary  of  the  results  from  a 
study  of  nickel-chromiura-beryllium  alloys  in  which  they  noted  that  beryllium 
has  a  tendency  to  migrate  and  localize  on  the  alloy  surf ace. 1^  The  alloy 
surface  concentrations  of  Be  ranged  from  14  atom#  for  an  ingot  to  39  atom#  for 
an  incubated  sample.^ 

In  a  comprehensive  report  of  the  Covington  study,  published  in  1985 
the  study  findings  were  presented  in  greater  detail.  In  the  discussion  of 
beryllium,  it  was  reported  that  "every  beryllium  compound  cited  in  the  litera¬ 
ture  seems  to  have  some  hazard  associated  with  it. "12  More  importantly,  it  was 
pointed  out  that,  after  moving  to  the  alloy's  surface,  beryllium  may  then  go 
into  solution  (leave  the  alloy  surface),  and  therefore  may  be  ingested  and 
subject  to  attempts  by  the  body  to  remove  it.  The  presence  of  beryllium  in  an 
alloy  also  apparently  increases  nickel  dissolution. 
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The  exact  mechanism  for  the  handling  of  beryllium  by  the  human  body  is 
not  known  and  is  subject  to  speculation.  Covington  et  al.  feel  the  end  product 
of  beryllium  ingestion  may  be  "beryllium  hydroxide,  which  is  insoluble  and 
unlikely  to  be  cleared  by  the  body;  much  the  same  as  mercury. nl3  However, 
they  pointed  out  that  "to  what  extent  the  ingested  beryllium  is  transported 
into  the  body  is  not  known. "12  Yet,  if  their  theory  on  the  behavior  of  beryl¬ 
lium  is  correct,  then  "even  the  lowest  levels  would  be  expected  to  have  a 
cumulative  effect  (also  similar  to  mercury)  in  terms  of  chronic  exposure. "12 

The  Covington  article  concluded  with  the  statement:  "it  is  our  opinion 
that  nickel-beryllium  dental  casting  alloys  possess  the  potential  to  be  a 
significant  hazard  to  the  laboratory  technician,  dentist,  and  patient. "12 

In  1982,  a  dental  laboratory  technician  wrote  a  letter  to  the  editor  of 
Dental  Laboratory  Review  in  which  he  described  how  his  health  deteriorated 
over  a  three-week  period. 15  During  this  time,  he  used  15  oz  of  a  nickel-  and 
beryllium-containing  non-precious  alloy,  but  followed  the  recommended  handling 
instructions  (mask,  suction,  well  ventilated  work  area).  What  started  as  an 
unproductive  cough  progressed  to  violent  coughing  spells  and  to  loss  of  breath, 
was  accompanied  by  weight  loss.  The  technician  reported  that  he  was  examined 
by  a  physician  and  told  that  he  had  acute  beryllium  poisoning.  In  a  subsequent 
issue  of  Dental  Laboratory  Review  the  editor  mentioned  that  the  Rocky  Mountain 
Center  for  Occupational  &  Environmental  Health  in  Salt  Lake  City,  Utah,  was 
undertaking  a  study  of  100  technicians  in  the  area.l6  Unfortunately,  there 
was  no  independent  substantiation  of  this  claim. 

The  feature  article  of  the  January  1985  issue  of  the  Journal  of  the 
American  Dental  Association  included  beryllium  as  one  of  the  environmental 
hazards  of  concern  to  dentists.1?  According  to  the  article,  "direct  skin 
contact  with  beryllium  particles  or  beryllium  fumes  also  poses  a  health 
threat  to  dental  personnel".1?  The  article  did  not  mention  whether  continued 
handling  of  beryllium-containing  alloys  represented  direct  skin  contact 
with  beryllium  particles  or  not.  However,  it  was  reemphasized  that  beryllium 
disease  may  not  cause  symptoms  for  several  years  after  exposure.1?  The  first 
signs  of  beryllium  toxicity  include  weight  loss,  fatigue,  and  general  malaise 
so  common  with  many  other  illnesses  that  beryllium  poisoning  may  not  be 
suspected  immediately  as  a  possible  cause.1? 

For  physical  protection,  it  was  recommended  that  clinicians  grinding 
beryllium-containing  alloys  wear  face  masks  and  gloves,  and  use  the  washed 
field  technique,  along  with  high  velocity  suction.  Intraoral  grinding  and 
polishing  of  nickel-chromium-beryllium  alloys  was  discouraged.  Furthermore, 
it  was  stressed  that  dentists  should  be  aware  of  the  contents  of  the  casting 
alloys  they  used  for  the  obvious  protection  of  the  patient  and  the  clinician. 
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e.  A  Summary  of  Important  Information  on  Beryllium 

Based  on  the  references  Just  cited,  the  following  information  about 
beryllium  should  be  understood: 

1.  Although  Be  may  compose  only  approximately  1.8?  of  the  we ight 
of  a  PFM  alloy,  beryllium  accounts  for  approximately  10.7?  of 
the  alloy's  atomic  volume . 2 

2.  Beryllium  reportedly  migrates  to  the  alloy  surface.  12>li+ 

3.  The  surface  concentration  of  beryllium  in  a  Ni-Cr-Be  alloy  may 
be  as  much  as  35?.  ^ 

4.  "Direct  skin  contact  with  beryllium  particles  and  beryllium 
fumes  poses  a  health  threat  to  dental  personnel. "-*-7 

5*  Beryllium  may  leave  the  surface  of  a  Ni-Cr-Be  alloy  and  go 

into  solution.12 

6.  Nickel  dissolution  seems  to  be  increased  by  the  presence 
of  beryllium.12 

7.  Beryllium  migration  to  the  alloy's  surface  may  continue  should 

a  vacancy  occur  in  the  oxide  layer  through  dissolution. !2 

8.  Every  beryllium  compound  cited  in  the  literature  seems  to 
have  some  hazard  associated  with  it.12 

9.  The  beryllium  compound,  beryllium  hydroxide,  is  insoluble 
and  unlikely  to  be  cleared  by  the  body.1 

10.  The  extent  to  which  beryllium  is  transported  in  the  human 
body  is  unknown.12 

11.  The  symptoms  of  beryllium  disease  may  not  appear  for  years 
after  the  actual  exposure.1^ 

12.  There  has  been  at  least  one  reported  claim  of  beryllium 
poisoning  of  a  dental  technician  who  used  a  Ni-Cr-Be  alloy. 


12-5-  THE  BIOCOMPATIBILITY  OF  COBALT 

Cobalt  is  the  major  constituent  of  the  cobalt-chromium  non-precious 
PFM  alloy  system,  and  may  account  for  53-68?  of  a  Co-Cr  alloy's  composition 
(refer  to  Section  ll).2  Of  the  high  palladium  precious  alloys,  the  high 
palladium-cobalt  group  in  this  study  contained  up  to  8?  cobalt  (refer  to 
Section  7 ) . 


—SECTION  12- 


In  terms  of  biocompatibility,  less  than  1%  of  the  population  is  estimated 
to  be  allergic  to  cobalt,  and  the  allergy  is  found  mainly  among  women. 5  Patch 
testing  has  been  used  to  diagnose  contact  sensitivity.  However,  additional 
testing  is  recommended  for  patients  with  a  history  or  clinical  symptoms 
suggesting  a  possible  allergy  to  a  cobalt-containing  alloy. 5 

Cobalt-containing  alloys  have  also  been  used  to  fabricate  human  prosthetic 
de/ices,  and  there  have  been  no  indications  at  this  time  that  these  alloys  may 
be  carcinogenic . 

12- 6.  THE  BIOCOMPATIBILITY  OF  CHROMIUM 

Chromium  is  the  second  major  element  of  the  three  major  non-precious 
alloys  systems:  nickel-chroraium-bery Ilium,  nickel-chromium  beryllium- free,  and 
cobalt-chromium.  The  percentage  of  chromium  in  these  alloys  may  range  from 

13- 31%  by  weight,  with  the  highest  percentages  in  the  cobalt-chromium  system. 

Since  the  Co-Cr  alloys  are  being  offered  as  non-nickel,  non-beryllium, 
non-precious  alloys,  it  is  important  to  consider  the  biocompatibility  of  both 
major  constitutents .  Some  association  has  been  reported  between  certain  forms 
of  chromium  and  lung  cancer  in  industrial  exposures. 5  However,  no  association 
has  been  reported  between  chromium  and  cancer  from  the  dental  and  medical 
applications  of  chromium-containing  alloys. 5 

Chromium  has  been  known  to  sensitize  individuals,  and  to  result  in  the 
development  of  a  chronic  dermatitis  from  the  chromate  salts  produced  by  the 
corrosion  of  the  alloys. 5  The  dermatitis  may  linger  for  years,  and  reported¬ 
ly  may  produce  serious  cosmetic  problems. 5  However,  allergy  to  chromium  is 
believed  to  be  rare. 5  Patch  testing  for  chromium  sensitivity  has  the  potential 
to  sensitize  the  individual  from  the  test  itself. 5 


12-7.  THE  1984  WORKSHOP:  THE  BIOCOMPATIBILITY  OF  METALS  IN  DENTISTRY 

In  the  summer  of  1984,  the  American  Dental  Association  hosted  the 
Workshop  of  the  Biocorapatibility  of  Metals  in  Dentistry,  sponsored  by  the 
National  Institute  of  Dental  Research,  National  Institutes  of  Health. 5  The 
purpose  of  the  Workshop  was  to  review  existing  scientific  evidence  and  the 
literature,  as  related  to  the  metals  currently  used  in  dentistry. 

Some  of  the  information  presented  in  the  preceding  portions  of  this 
Section  has  been  drawn  from  the  Workshop  proceedings,  as  well  as  the  published 
final  report. 5 

As  mentioned  in  Section  12  of  Volume  1,49  the  report  could  not  include 
alL  the  comments  made  during  the  Workshop.  One  informal  recommendation  made 
to  the  conference  at  large  was  a  call  for  a  moratorium  on  the  continued  use 
of  nickel-  and  beryllium-containing  alloys.  The  point  was  made  that  several 
precious  metal  alternative  alloy  systems  are  currently  available  which  do 
not  involve  issues  of  biocompatibility  or  sensitivity. 
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12-8.  ENVIRONMENTAL  SURVEY  OF  THE  DENTAL  LABORATORY 

If  nickel-  and  beryllium-containing  non-precious  alloys  are  used  on 
a  regular  basis  in  a  dental  laboratory,  then  an  annual  survey  for  nickel 
and  beryllium  levels  is  recommended. 

For  technicians  who  use  these  alloys  routinely,  an  8-hr  air  sampling 
should  be  accomplished,  along  with  the  collection  of  dust  from  common  work 
areas  throughout  the  facility.  Casting  areas  and  suction  equipment  should 
also  be  evaluated. 

A  specific  survey  plan  can  be  arranged  by  your  base  bioenvironmental 
engineering  department,  and  scheduled  to  collect  data  on  a  representative 
work  day.  Test  results  will  be  provided  in  writing  for  comparison  with 
the  Occupational  Safety  and  Health  Administration  (OSHA)  standards.  An 
acceptable  maximum  concentration  of  airborne  beryllium  is  2  jig  Be/m^  time- 
weighted  average  for  an  8~hr  day,  and  a  peak  concentration  of  25  pg  Be/m^ 
for  a  30-min  sample.^ 


12-9.  NICKEL  AND  BERYLLIUM  BIOCOMPATIBILITY  AND  THE  A.D.A.  ACCEPTANCE  PROGRAM 

Several  of  the  non-precious  alloys  in  this  study  have  been  awarded 
acceptance  or  provisional  acceptance  under  the  Acceptance  Program  of  the 
American  Dental  Association.  However,  consumers  should  bear  in  mind  that 
those  designations  were  bestowed  on  the  alloys  in  question  prior  to  the 
majority  of  published  reports  cited  in  this  Section. 

In  other  words,  the  American  Dental  Association,  like  the  dental 
profession  in  general,  was  unaware  of  the  proposed  theories  on  nickel  and 
beryllium  migration  and  of  nickel  and  beryllium  dissolution.  At  the  time 
these  alloys  were  granted  their  acceptance,  the  Council  on  Dental  Materials, 
Instruments,  and  Equipment  also  did  not  know  of  the  reports  suggesting  a 
link  between  nickel-base  alloys  and  nickel-induced  sensitivity. 

Therefore,  it  may  be  unwise  to  assume  that  the  award  of  A.D.A.  acceptance 
or  provisional  acceptance  assures  human  biocompatibility. 


12-10.  RECOMMENDATIONS 


ir.  the  rvai  following  the  publication  of  Volume  1,19  no  reports  have 
undermined  the  recommendation  that  precious  metal  systems  should  be  considered 
the  alloys  of  choice.  In  fact,  new  reports  have  been  publ ished2 ,11,12  which 
indicate  th.it  t  :v  biological  effect  -  of  both  nickel  and  beryllium  may  not  have 
seen  fully  u:,  :>o;  an  i ,  perhaps,  have  been  underestimate.:. 


It  now  a: 

alloy  surface, 
c'ls*?  of  b-  ryl  i 

Vctectiv-"'  i 
of  there 


•-•arc  that  both  nickel  and  beryLlium  may  be  released  from  the 
o  into  solution,  and  be  transported  into  the  body. 12  In  the 
m,  it  has  been  suggested  that  the  migration  to  the  surface  and 
.  may  he  a  continuous  process,. and  one  not  prevented  by  a 

;•  i.ny-.-r  a;-  was  once  thought.  ^  Moreover,  the  repercussions 
at  yet  ,  not  completely  un  ic-rs too  i . 
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The  behavior  patterns  of  nickel  and  beryllium  are  not  restricted  to  the 
PFM  alloys,  and  may  also  involve  Ni-Cr-Be  removable  partial  .ier.tur®  alloys. 

The  mechanism  of  Ni  and  Be  release  is  not  limited  to  ion  exchange  by  fluids 
in  the  gingival  sulcus.  The  large  surface  area  of  removable  partial  iertare 
frameworks  apparently  may  also  be  subject  to  the  same  processes  of  nic.tel  and 
beryllium  dissolution  into  human  saliva.  The  implication  that  there  may  be  a 
cause  and  effect  relationship  between  jnickel-containing  alloys  and  systems 
disease  should  be  of  even  greater  concern.  ^ 

An  interesting  analogy  develops  when  beryllium  is  compared  to  asbestos. 
Asbestos  fibers  are  carcinogens, while  beryllium  is  known  to  be  responsible 
for  causing  cancer  in  occupationally  exposed  workers.^  Exposure  to  airborne 
asbestos  fibers  has  been  associated  with  lung  cancer,  pulmonary  asbestosis, 
and  fibrosis. ^  The  inhalation  of  dusts  and  fumes  of  beryllium  and  its 
compounds  is  the  primary  route  of  exposure, 8  and  chronic  beryllium  exposure 
is  responsible  for  berylliosis.  The  effects  of  repeated  exposure  to  asbestos 
are  thought  to  be  cumulative. If  A  suspected  beryllium  end-product  is  beryllium 
hydroxide,  "which  is  insoluble  and  unlikely  to  be  cleared  from  the  body;  much 
the  same  as  mercury . "  ^  The  "effects  of  exposure  to  asbestos  fibers  may  not 
manifest  themselves  Immediately  in  the  exposed  worker. "17  Beryllium  disease 
may  not  cause  any  clinical  symptoms  for  several  years  after  exposure. If 

The  similarities  between  asbestos  and  beryllium  exposure  are  strikingly 
similar,  yet  prevailing  attitudes  toward  each  are  markedly  different.  Asbestos 
and  asbestos-containing  materials  are  not  permitted  in  the  dental  laboratory. 
However,  there  are  no  similar  restrictions  on  the  routine  use  of  beryllium- 
containing  alloys  at  the  present  time,  other  than  the  recommended  OSHA  handling 
instructions  and  the  contraindication  of  their  use  in  nickel-sensitive  patients. 


In  light  of  the  known  and  suspected  biological  implications  associated 
with  nickel-  and  beryllium-containing  alloys,  the  palladium-base  precious 
metal  alloy  systems  should  be  considered  as  alternatives  to  gold-base  alloys. 
Refer  to  Sections  6,  7,  and  8  for  descriptions  of  the  properties  and  handling 
characteristics  of  the  high  palladium-copper,  the  high  palladium-cobalt,  and 
the  palladium-silver  alloys. 


Individuals  interested  in  using  non-precious  alloys,  particularly  for 
removable  partial  denture  frameworks,  should  consider  the  cobalt-chromium 
system.  According  to  the  1985  A.D.A.  Association  Report: 


The  potential  for  dermatologic  and  systemic  effects  that  may  occur 
in  patients  and  dental  personnel  because  of  exposure  to  cobalt  allovs 
must  not  be  overlooked.  Although  sensitivity  reactions  may  be  of  some 
concern,  the  toxicity  potential  of  cobalt-chromium  alloys  appears  to 
be  insignificant . 


One  other  indication  that  the  present  non-precious  alloy  systems  are  not 
without  problems  is  the  program  under  way  at  the  National  Bureau  of  Standards 
to  evaluate  titanium  cast  crowns. ^0  Titanium  is  the  ninth  most  abundant 
material  in  the  earth's  crust,  and  "extremely  biocompatible  with  the  human 
body."1-  However,  to  make  titanium  crowns  requires  new  casting  investments 
(zirconia-based) ,  and  the  use  of  an  inert  gas  atmosphere  in  an  especially 
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designed  electric-arc  furnace. 20  Perfection  of  a  titanium-base  non-precious 
alloy  system  is  probably  not  being  sought  solely  for  any  anticipated  financial 
benefit.  Although  existing  non-precious  alloys  are  already  very  inexpensive, 
alloy  manufacturers  and  distributors  might  be  able  to  improve  profit  margins 
with  a  titanium-base  alloy.  However,  a  major  advantage,  and  one  which  is  only 
mentioned  in  passing,  may  be  the  opportunity  to  offer  a  BIOCOMPATIBLE  non¬ 
precious  alloy. 

Should  a  titanium-base  alloy  be  available  with  workable  supporting 
technology,  we  very  well  may  see  a  change  in  attitude  toward  nickel  and 
beryllium  by  the  dental  profession.  Public  perceptions  also  may  impact 
these  issues  in  the  future. 
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ECONOMIC  CONSIDERATIONS  OF  DENTAL  CASTING  ALLOYS 


13-1.  FACTORS  AFFECTING  THE  COST  OF  AH  ALLOY 

The  total  cost  of  an  alloy  to  the  consumer  is  based  upon  many  factors — 
not  merely  on  the  price  per  ounce  of  the  material.  Greater  consideration 
should  be  given  to  the  relative  cost,  per  restoration,  by  including  the  ease 
of  handling  during  processing.  This  factor  would  include  all  the  man-hours 
required  to  produce  a  restoration  from  wax-up  to  final  finish.  This  broader 
appreciation  of  the  many  technical  aspects  leading  to  a  completed  case  helps 
establish  a  more  equitable  basis  for  comparison  of  different  alloy  systems. 

For  example,  despite  general  training  in  the  processing  of  the  gold- 
base  PFM  alloys,  additional  experience  is  needed  to  accommodate  the  unique 
processing  requirements  of  the  non-precious  alloys.  Casting  the  nickel-  and 
cobalt-base  metals  is  a  skill  which  has  to  be  acquired,  and  which  may  be 
preceded  by  unsuccessful  trial-and-error  testing.  Since  the  non-precious 
alloys  are  extremely  hard,  they  require  more  time  for  adjusting  and  finishing. 
Careful  attention  to  the  wax-up  is  the  method  to  reduce  finishing  time,  but 
it  is  an  area  often  overlooked.  Consequently,  the  economy  of  a  low-cost  alloy 
can  be  offset  by  the  added  expenditure  of  additional  finishing  time.  Miscasts 
and  remakes,  due  to  over-heating  or  mishandling  an  alloy,  make  these  "econo¬ 
mical"  alloys  more  expensive  than  anticipated. 

Some  additional  general  considerations  which  can  affect  any  alloy 
system,  either  precious  or  non-precious,  include:  price  variations  within 
an  alloy  system,  the  effect  of  alloy  density  on  productivity,  the  value  of 
weighing  wax  patterns,  and  the  influence  of  ingot  size  on  metal  expenditure. 


13-2.  PRICE  VARIATIONS  WITHIN  AN  ALLOY  SYSTEM 

Pricing  various  alloys  within  a  given  alloy  system  is  important.  Costs 
,  can  vary  substantially  for  precious  alloys  within  the  same  system.  Even  the 

i  non-precious  systems  will  reflect  substantial  variations  in  price  for  the  same 

quantity  of  alloy.  Such  distinctions  may.  In  part,  be  attributed  to  the 
quality,  level  of  testing,  and  research  behind  the  development  of  an  alloy. 
Participation  in  the  American  Dental  Association  Acceptance  Program  is  very 
costly,  and  this  expense  will  be  reflected  in  the  price  of  an  alloy.  If  all 
i  factors  are  equal,  an  A.D.A.  Acceptable  alloy  should  be  considered  over  an 

I  undesignated  alloy,  despite  any  anticipated  savings. 

It  is  equally  important  that  price  not  be  used  as  the  sole  criterion  for 
alloy  selection  or  substitution.  Although  two  casting  alloys  may  list  the 
same  constituents  and  the  same  percentage  composition,  the  metals  may  NOT 
|  be  of  comparable  quality.  The  purity  of  the  elements  in  the  alloy  may  differ, 

|  as  may  the  sequence  in  which  the  ingredients  are  added  to  create  the  character 

of  the  final  product.  Such  distinctions  are  not  reflected  on  the  alloy's 
package,  just  its  price.  Therefore,  if  you  have  proven  success  with  a  metal 


— SECTIOH  13- 


porcelain  combination,  do  not  agree  to  alloy  substitutions  without  testing 
the  compatibility  of  the  new  alloys  with  your  dental  porcelain. 


13-3.  THE  EFFECTS  OF  ALLOY  DEHSITY  OH  PRODUCTIVITY 

One  of  the  added  advantages  of  the  non-gold  base,  alternative  alloys  is 
that  they  are  lower  in  density  than  the  high  gold  and  gold -palladium  metals. 

In  other  words,  less  metal  can  be  used  to  cast  restorations  of  equal 
volume.  This  fact  has  been  particularly  emphasized  for  the  non-precious  metals, 
but  has  application  to  the  palladium-base  alloys  as  well.  In  addition,  many  of 
the  non-gold  base  metals  can  be  waxed  and  cast  routinely  at  0.3- to  0.4-mm  thick¬ 
nesses.  It  is  not  uncommon  for  users  of  gold-base  alloys  to  wax  to  0.5  mm, 
cast,  and  then  finish  the  metal  down  to  their  desired  thickness.  Aside  from 
the  obvious  initial  savings  in  the  purchase  price  of  a  non-gold  base  vs.  gold- 
base  alloy,  an  added  benefit  of  a  lower  density  metal  is  a  thinner,  lighter 
weight  casting  requiring  less  alloy  to  be  produced.  Less  metal  per  restoration 
can  be  translated  into  more  castings  per  ounce  and  greater  productivity. 


13-4.  THE  BENEFITS  OF  WEIGHING  WAX  PATTERNS 

Estimating  the  amount  of  alloy  needed  to  cast  a  particular  case  is  often 
guesswork  without  weighing  the  wax  patterns.  More  importantly,  cases  sprued 
indirectly  should  be  cast  without  a  button  to  avoid  competition  with  the  con¬ 
nector  bar  as  the  reservoir  area  in  the  spruing  system.  This  result  can  be 
obtained  by  weighing  the  sprue  system  and  estimating  the  quantity  of  metal 
needed  using  a  conversion  table  (Table  1,  at  the  close  of  text).  Precious  alloys 
are  available  in  2-dwt,  and  sometimes  1-dvt,  Ingots  as  compared  with  the  2- to 
4-dwt  ingots  of  non-precious  metals.  Consequently,  it  is  easier  to  cast  with 
the  correct  quantity  of  metal  when  using  a  precious  alloy.  More  importantly, 
the  buttons  of  precious  alloys  are  reusable,  while  some  alloy  manufacturers 
recommend  using  only  virgin  non-precious  metal  for  each  casting. 


13-5.  the  INFLUENCE  OF  INGOT  SIZE  OH  METAL  EXPENDITURE 

It  has  been  pointed  out  that  large  non-precious  alloy  ingots  are  of 
greater  benefit  to  facilities  which  cast  large  single  piece  restorations  or 
multiple  unit  cases.  Smaller  laboratories  accustomed  to  casting  single  unit 
cases  would  find  a  non-precious  alloy  of  2  to  3-dwt  size  more  advantageous. 

We  have  accepted  the  2-dwt  precious  alloy  ingot,  but  the  1-dvt  ingot  is  much 
easier  to  work  with,  especially  when  wax  patterns  are  weighed  and  indirect 
spruing  is  used.  Casting  with  the  correct  volume  of  metal  not  only  makes  good 
sense,  but  is  also  economical. 


13-6.  A  COMPARISON  OF  ALTERHATTVE  ALLOY  SYSTBC 

The  prices  of  the  precious  and  the  non-preclous  alloys,  respectively, 
are  presented  In  the  following  Attachments  1  and  2.  Consult  each  alloy 
manufacturer  or  distributor  for  current  price  information. 
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PRECIOUS  ALLOY  SYSTEMS  PRICES 

(As  of  February  3,  1986) 


Price  Per  Ounce 


Price  Per  Pennyweight 


•/VVV 


yy.-Syy. 


a.  HIGH  PALLADIUM-COPPER: 


l).  Athenium  - 


$110.60 


$5-53 


2).  Deguplus  2  - 


$143.71 


$7.19 


3) .  Naturelle  - 

4) .  PG-80+  - 


b.  HIGH  PALLADIUM-COBALT: 


1) .  PTM-88  - 

2 )  .  Supra  AP  - 


$122.00 

$147.54 


$123.60 

$121.00 


$6.10 

$7.38 


$6.18 

$6.05 
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c.  PALLADIUM-SILVER: 

1)  .  Bak-On  SP  - 

2) .  Jel-5  - 

3) .  Pors-On  - 


$110.05 

$96.40 

$117.32 


$5.50 

$4.82 

$5.87 


•  > v 
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4).  Will-Ceram  W-l  - 


$86.80 


$4.34 


[GOLD-BASE  ALLOYS  AND  THEIR  COMPARATIVE  COSTS] 


AVV 


d.  GOLD-PALLADIUM: 


Olympia  - 


$296.20 


$14.81 


e.  GOLD-PLATINUM- PALLADIUM: 


Jelenko  "0  - 


f.  MARKET  PRICE  OF  GOLD: 


$423.40 


$21.17 


$346-348/ oz  price  range 


— SECTIQI  13:  ATTACHMEHT  2- 


fOH-PRBCIOUS  ALLOY  SYSTBC  PRICES 

(As  of  September  1985) 


Purchase  Price 


Price  Per  Pennyweight 


a.  NICKEL-CHROMIUM- 
BERYLLIUM: 

1).  Bak-On  NP  - 


(5-oz  minimum  order  required) 


(Cont'd.  on  facing  page) 


V#OV-J 


VvVv'l 


Ifl 

sii 


1  oz 

@ 

$  20.50  per  oz 

$  1.03 

>• _ 

5-10  oz 

e 

$  14.50  per  oz 

$  0.73 

\  *.  *.  *.  ’ 

50-100  oz 

2).  Biobond  II  - 

@ 

$  8.00  per  oz 

$  0.40 

■  v  ' 

*  v/> 

k  ■  .  *  • 

One  2-oz 

jar 

$  28.00  per  jar 

$  0.72 

r  M 

Five  2-oz 

jars 

$  26.6b  per  Jar 

$  0.67 

V.  s . 

k,»  '  s  *, 

Ten  2-oz 

jars 

$  24.48  per  jar 

$  0.61 

v 

One  25 -oz 

jar 

$  272.00  per  Jar 

$  0.54 

.v.y. 

*,»  *^<1  * 

Two  25-oz 

Jars 

$  252.00  per  jar 

$  0.51 

S‘*  **• 

Four  25-oz 

3).  Litecast  B  - 

Jars 

$  232.00  per  jar 

$  0.47 

,  ■  _ 

*  -* 

>.  -V 

Any  quantity 

4).  Rexillium  III  - 

$  12.00  per  oz 

$  0.60 

/.  j-.  « 

.  t\  •. 

Any  quantity 
less  than  100  oz 

$  12.00  per  oz 

$  0.60 

-V-V 

V  -V V 
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NON-PRECIOUS  ALLOY  SYSTHC  PRICES 

(As  of  September  1985 — Cont'd.  from  previous  page) 


Quantity 


Purchase  Price  Price  Per  Pennyweight 


b.  NICKEL-CHROMIUM 

(BERYLLIUM-FREE): 


5 

oz 

@ 

$ 

14.1*0 

per 

oz 

$ 

0.72 

25 

oz 

% 

$ 

12.80 

per 

oz 

$ 

0.64 

50 

oz 

% 

$ 

12.00 

per 

oz 

$ 

0.60 

100 

oz 

% 

$ 

11.20 

per 

oz 

$ 

0.56 

250 

oz 

i 

$ 

10.40 

per 

oz 

$ 

0.52 

500 

oz 

@ 

$ 

9.60 

per 

oz 

$ 

0.48 

750 

oz 

i 

$ 

8.80 

per 

oz 

$ 

0.44 

c.  COBALT-CHROMIUM: 
1 ) .  Cobond  - 


One 

2- 

-oz 

Jar 

$ 

28.80 

per 

Jar 

$ 

0.72 

Five 

■  2- 

-oz 

Jars 

$ 

26.64 

per 

Jar 

$ 

0.67 

Ten 

2- 

-oz 

jars 

$ 

24.48 

per 

jar 

$ 

0.6l 

One 

25- 

-oz 

jar 

$ 

272.00 

per 

Jar 

$ 

0.54 

Two 

25- 

-oz 

Jars 

$ 

252.00 

per 

jar 

$ 

0.51 

Four 

25- 

-oz 

jars 

$ 

232.00 

per 

jar 

$ 

0.47 

2) .  Novarex  - 

Any  quantity  $  21.00  per  oz  $  1.05 

less  than  100  oz 

(5-oz  minimum  order  required) 
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LABORATORY  SAFETY 


l4-l.  GENERAL  CONSIDERATIONS 

The  guidelines  for  safety  in  the  dental  laboratory  are  described  in 
AFM  162-6.  The  reader  is  encouraged  to  review  that  material  in  its  entirety. 
Information  presented  in  this  Section  focuses  on  factors  directly  related  to 
the  safe  processing  of  dental  casting  alloys,  particularly  the  non-precious 
metals  containing  nickel  and  beryllium. 


lU-2.  PHYSICAL  PROTECTION 

Laboratory  procedures,  such  as  torch  casting  and  finishing,  require  very 
specific  precautions  to  protect  the  laboratory  technician  properly  from  any 
potential  insult  or  injury.  It  is  imperative  that  the  following  minimum  safety 
measures  be  followed  to  ensure  a  reasonable  level  of  caution  and  protection. 

a.  TORCH  CASTING 

Whenever  torch-melting  an  alloy  with  a  gas-oxygen  system  in  an  exposed 
environment,  we  recommend  you  wear  the  following  safety  equipment: 

1) .  Welder's  Goggles  and  Mask  -  Clear  safety  glasses  may  be  satisfact¬ 
ory  when  casting  the  lower  melting  precious  alloys.  However,  the  non-precious 
alloys  require  hotter  flames.  Therefore,  a  dark  protective  lens  is  needed  to 
prevent  eye  damage  from  the  intensity  of  the  flame,  as  well  as  any  metal  spills 
which  might  occur  from  a  miscast.  The  welder's  mask  offers  the  most  physical 
protection,  since  the  entire  face  and  neck  are  shielded,  and  a  protective  lens 
permits  visualization  of  the  molten  alloy.  The  tinted  lenses  enable  the  dental 
technician  to  assess  the  character  of  the  alloy  and  more  readily  estimate  the 
appropriate  moment  to  cast. 

2) .  Insulated  Gloves  -  While  burnout  temperatures  of  1200-1300  °F  (649- 
704  °C)  may  not  appear  to  pose  a  threat,  removal  of  an  investment  ring  from 

a  1600  °F  (871  °C)  oven  can  potentially  result  in  injury  to  the  skin.  The 
intense  heat  can  not  be  averted  by  working  quickly.  Since  the  technician  is 
more  likely  to  drop  the  heated  ring  (or  possibly  remove  the  wrong  one)  in  order 
to  avoid  being  burned,  the  use  of  an  insulated  glove  is  essential.  You  may  wish 
to  purchase  a  non-asbestos  glove,  as  offered  for  sale  by:  Lab  Safety  Supply, 
P.O.Box  1368,  Janesville,  WI  53547-1368. 

3) .  Laboratory  Coat  -  When  casting,  protect  your  outer  clothing  by  wear¬ 
ing  a  laboratory  coat.  A  coat  provides  an  initial  barrier  against  any  molten 
metal  which  might  become  airborne  during  a  miscast. 


*  Department  of  the  Air  Force,  "The  Dental  Laboratory  Environment,"  Ch.  2. 
Air  Force  Manual  (AFM)  162-6.  Washington,  D.  C. :  U.S.  Government 
Printing  Office,  15  Nov  1982. 
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4).  Surgical  Mask  -  If  all  you  have  available  Is  a  pair  of  welder's 
goggles,  be  sure  to  wear  a  surgical  mask  to  decrease  your  exposure  to  vapors 
produced  during  casting,  and  to  physically  protect  a  larger  area  of  the  face. 


b.  ADJUSTING  AND  FINISHING. 

The  basic  principles  of  physical  protection  apply  to  all  the  various 
stages  of  adjusting  and  finishing  a  PFM  substructure.  The  concerns  over  the 
biocompatibility  of  nickel  and  beryllium  reinforce  the  need  to  maximize 
safety,  if  these  non-precious  alloys  are  used. 

1) .  Safety  Glasses  -  Standard  eyeglass  frames  with  protective  lenses 
offer  limited  protection,  due  to  the  large  amount  of  unshielded  area.  Wear 
special  goggles  or  safety  glasses,  shielded  from  below  and  laterally. 

2) .  Surgical  Mask  -  Whether  removing  a  sprue,  grinding,  finishing,  or 
polishing  a  restoration,  wear  a  surgical  mask  to  prevent  the  inhalation  of 
airborne  particles  of  metal  and  abrasive. 

3) .  Laboratory  Coat  -  Wear  a  laboratory  coat, whenever  grinding  or 
finishing,  to  prevent  the  removal  of  metal  and  abrasive  particles  from  the 
laboratory  and  possible  transportation  to  your  car  or  home. 


lU-3.  HIGH-SPEED  AIR  EVACUATION 

Whenever  possible,  avoid  the  use  of  a  hand-held  belt-drive  dental 
laboratory  engine  for  adjusting  and  finishing  non-precious  alloys  containing 
nickel  and  beryllium.  There  is  no  substitute  for  good  ventilation  and  high¬ 
speed  evacuation  to  ensure  maximum  physical  protection  from  anj-  potentially 
harmful  airborne  particles.  Use  a  high-speed  lathe,  or  air-driven  handpiece, 
which  has  a  glass  shield  for  added  protection.  However,  do  not  regard  the 
use  of  this  equipment  as  a  substitute  for  safety  goggles,  a  surgical  mask, 
and  a  laboratory  coat. 


l4-4.  HYDROFLUORIC  ACID 

The  use  of  hydrofluoric  acid  is  still  mentioned  in  the  directions  for 
processing  several  PFM  casting  alloys.  The  acid  is  most  frequently  used  to 
remove  the  oxide  layer  after  oxidizing  (degassing),  or  to  strip  porcelain  from 
a  metal  substructure.  By  using  pure,  non-recycled  50-Jum  aluminum  oxide,  the 
oxide  layer  can  be  removed  mechanically  with  air  abrasion.  This  change  in 
technique  eliminates  the  need  to  maintain  this  very  hazardous  material  in  our 
dental  laboratories.  Therefore,  we  strongly  suggest  that  you  DO  NOT  USE 
HYDROFLUORIC  ACID  in  your  laboratory.  In  fact,  we  recommend  you  eliminate  it 
from  your  inventory,  if  you  still  have  it  on  hand,  to  avoid  any  potential 
danger  to  laboratory  personnel.  If  a  hydrofluoric  acid  spill  does  occur,  and 
contact  is  made  with  skin,  flush  the  contaminated  site  liberally  with  water 
and  apply  a  mixture  of  magnesium  oxide  (or  milk  of  magnesia)  and  glycerin  in 
paste  form.  Then  immediately  seek  medical  attention. 
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CONCLUSIONS 


15-1.  INTRODUCTION 

This  user  testing  program  was  undertaken  as  a  pilot  project  to  survey 
the  many  alloy  systems  presently  being  offered  as  alternatives  to  gold-base 
metals  for  PFM  restorations.  With  its  broad  scope,  such  an  effort  could  only 
examine  the  general  behavior  of  the  different  materials,  and  had  little  time 
remaining  for  in-depth  assessments  of  specific  alloys  or  alloy  systems. 

The  observations  and  findings  of  this  project  are  included  in  the 
appropriate  sections,  but  Section  15  summarizes  the  findings  of  the  entire 
program.  The  reader  is  cautioned  that  the  information  in  this  Section 
represents  both  the  objective  and  the  subjective  conclusions  of  the  author. 

A  comparison  of  materials  with  similar  handling  characteristics  is  most 
difficult  and,  often,  quite  subjective.  As  a  result,  an  alloy  or  investment 
is  evaluated  on  more  than  performance.  Examples  of  some  of  the  factors  taken 
into  consideration  are:  biocompatibility,  ease  of  processing,  porcelain 
compatibility,  participation  in  the  American  Dental  Association's  Acceptance 
Program,  the  availability  of  local  technical  support,  identification  of  ingots 
ingot  size,  comparative  costs,  detailed  written  technical  instructions,  a 
TOLL-FREE  hot  line  for  prompt  communication  with  the  manufacturer,  and  general 
support  to  the  Air  Force  effort. 

Moreover,  recommendations  are  based  on  the  findings  of  this  pilot  test 
and  evaluation  program,  and  may  change  as  more  is  learned  about  the  materials. 
While  ease  of  laboratory  processing  is  important,  a  restorative  material  must 
be  safe,  effective,  and  compatible  with  the  oral  environment  (in  vivo).  Lab¬ 
oratory  (in  vitro)  testing  by  manufacturers  is  not  always  a  predictable  indi¬ 
cator  of  success  for  a  restorative  material.  Products  sometimes  fail  to  live 
up  to  expectations  and  marketing  claims.  Test  and  evaluation  programs  are  help¬ 
ful  in  separating  fact  from  fiction.  As  an  example,  these  conclusions  have 
been  revised  to  include  Information — regarding  the  biocompatibility  of  nickel 
and  beryllium — which  has  appeared  in  the  literature  since  the  publication  of 
Volume  I.  Such  an  update  is  necessary  as  new  information  is  learned  and  made 
available. 

Several  products  have  been  recognized  in  this  project  cn  the  basis  of 
their  performance.  Specific  recommendations  signify  a  high  degree  of  confi¬ 
dence  in  the  quality  and  in  the  benefit  of  a  product.  However,  if  no  single 
product  emerged  as  the  best  in  its  particular  category,  or  serious  concerns 
arose  due  to  biocompatibility  or  processing  difficulties,  no  recommendations 
were  made. 

THE  READER  IS  REMINDED  THAT  THE  OPINIONS  EXPRESSED  HERE  ARE  THOSE 
OF  THE  AUTHOR,  AND  THEY  SHOULD  NOT  HE  CONSIDERED  OFFICIAL  OR  REPRESENTING 
THE  DENTAL  INVESTIGATION  SERVICE,  THE  UNITED  STATES  AIR  FORCE  DENTAL  CORPS, 

OR  THE  DEPARTMENT  OF  DEFENSE. 
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15-2.  PREFABRICATED  WAX  SPRUES  AND  CASTING  RINGS 

The  use  of  prefabricated  wax  sprues  has  many  advantages  for  facilities 
of  all  sizes,  from  the  base  laboratory  to  the  ADL  level.  Technicians  can 
reduce  spruing  time,  be  consistent  in  their  technique,  ensure  location  of 
the  reservoir  bar  in  the  heat  center  of  the  casting  ring,  and  produce  high 
quality  castings. 

RECOMMENDATION:  The  Casting  Oval  System  (Belle  de  St.  Claire)  is  an 

excellent  alternative  to  conventional  round  rings.  It 
comes  complete  with  prefabricated  indirect  wax  sprues 
(Ready  Sprues).  With  minor  modifications  to  length  of 
the  reservoir  bar,  the  Tri-Wax  Sprues  (Williams)  can 
also  be  used  with  this  casting  system. 

FOR  SMALL-TO-MEDIUM  SIZE  WAX  PATTERNS 

The  6-gauge  reservoir  bar  for  both  the  small  and  large 
size  Ready  Sprues  (Belle  de  St.  Claire)  may  not  provide 
adequate  metal  for  all  pattern  sizes. 

FOR  MEDI UM-TO-LARGE  SIZE  WAX  PATTERNS 

The  Tri-Wax  indirect  wax  sprue  has  a  3-gauge  reservoir 
bar  which  will  provide  ample  metal  for  full  metal 
crowns,  large  pontics,  and  medium- to-large  partial 
veneer  restorations. 

NOTE :  Some  Belle  de  St.  Claire  products  can  be  purchased  at  a  discount 

from  some  mail-order  dental  supply  companies. 


15-3.  PHOSPHATE-BONDED  INVESTMENTS 

The  high  melting  and  casting  temperatures  of  porcelain  alloys  require 
the  use  of  high-heat,  phosphate-  or  silica-bonded  investments,  as  opposed  to 
the  weaker  gypsum-bonded  materials. 

Both  the  carbon  and  non-carbon  containing  phosphate-bonded  types  are 
widely  used  for  precious  and  non-precious  alloys.  However,  many  consumers 
of  non-precious  alloys  prefer  the  non-carbon  variety  to  lessen  any  potential 
carbon  contamination  of  the  alloy.  Opinions  differ  widely  as  to  the  relative 
risk  of  carbon  exposure  when  burnout  temperatures  approach  lbOO  °F  (371  °C) 
and  heat  soaking  periods  extend  to  1-1/2  hr.  Nonetheless,  non-carbon  varieties 
conveniently  eliminate  the  carbon  problem  altogether. 

Handling  characteristics — such  as  working  time,  the  smoothness  and/or 
coarseness  of  the  mix,  interaction  with  wax  pattern  cleaners  (debubblizers ) , 
and  factors  like  packaging  and  cost — are  important  features  to  be  taken  into 
consideration  when  evaluating  Investment  materials. 
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During  the  course  of  the  evaluation,  five  phosphate-bonded  investments 
were  tested:  two,  of  the  NON-CARBON-containing  type — HI- TEMP  (Whip-Mix), 
and  VESTRA-FINE  (Unitek);  and  three,  of  the  CARBON-containing  type--BIOVEST 
(Dentsply),  COMPLETE! Jelenko) ,  and  DEGUVEST  HFG  (Degussa), 


a.  NON-CARBON  INVESTMENTS 

Although  generally  recommended  for  the  nickel-base  alloys,  non-carbon 
investments  can  be  used  with  any  alloy  system.  Their  white  color  (no  carbon 
present)  makes  them  easy  to  identify  and  differentiate  from  the  gray-black, 
carbon-containing  investments. 


VESTRA-FINE  was  unique  among  all  the  phosphate-bonded  investment  by 
virtue  of  its  fine-grain  powder  and  the  smooth,  creamy  consistency  of  the 
resultant  mix.  The  mixed  VESTRA-FINE  investment  clung  to  the  wax  pattern  very 
well,  and  provided  more  working  time  than  did  HI-TEMP.  Even  when  the  VESTRA- 
FINE  special  liquid  was  diluted  with  one-third  distilled  water,  6  min  of 
working  time  were  available  for  investing. 

Another  advantage  of  VESTRA-FINE  was  that  after  vacuum  mixing,  the 
technician  could  readily  pour  the  investment  into  one  or  more  casting  rings 
without  hurrying.  An  extended  working  time  is  particularly  helpful  to  an 
inexperienced  dental  technician,  and  equally  beneficial  to  an  experienced 
individual  investing  multiple  rings  simultaneously. 
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Each  small  envelope  of  VESTRA-FINE  contains  65  g  of  powder  rather 
than  60  g,  because  of  the  fine  particle  size.  Nonetheless,  two  65~g  packages 
mixed  together,  or  one  130-g  envelope,  can  fill  3  individual  IX  casting  rings. 
VESTRA-FINE  investment  appears  strong  enough  to  permit  investment  and  burnout 
without  a  metal  casting  ring  when  maximum  expansion  is  sought.  Allow  at  least 
1-hr  setting  time  before  removing  the  sprue  former  from  the  casting  ring. 

By  comparison,  HI-TEMP  was  observed  to  have  a  coarser  consistency  with 
less  working  time  than  VESTRA-FINE,  but  is  also  much  less  expensive. 

In  summary,  the  general  handling  characteristics  of  VESTRA-FINE  were 
judged  superior  to  those  of  HI-TEMP.  Table  5  (at  clcse  of  text)  lists  the 
government  costs  of  both  VESTRA-FINE  and  HI-TEMP. 

RECOMMENDATIONS:  VESTRA-FINE  is  a  smooth  investment  with  excellent 
working  time,  and  is  safe  for  use  with  any  alloy 
system. 

HI-TEMP  is  a  satisfactory  substitute,  but  it  is 
not  a  fine-grain  investment  and  does  not  offer  the 
same  handling  characteristics  as  VESTRA-FINF, . 
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b.  CARBON-CONTAINING  INVESTMENTS 

Some  disagreement  exists  as  to  whether  these  investments  should  be  used 
with  the  nickel-containing  metals.  Opponents  contend  that  any  carbon  residue 
in  the  mold  can  potentially  interact  with  nickel  and  embrittle  the  alloy.  For 
example,  the  cobalt-chromium  alloy  Novarex  contains  carbide-forming  elements, 
such  as  chromium,  wolfram,  and  niobium.  If  these  carbides  are  produced,  the 
alloy  can  become  harder.  Nonetheless,  others  contend  that,  at  burnout  tempera¬ 
tures  in  the  1500-1600  °F  (816-871  °C)  range  with  1-  to  1-1/2-hr  burnout  times, 
the  carbon  is  of  little  significance.  They  do  not  regard  a  CARBON-containing 
phosphate-bonded  investment  as  potentially  detrimental  to  the  alloy. 

Three  of  the  five  casting  investments  used  were  carbon-containing: 
BIOVEST,  COMPLETE,  and  DEGUVEST  HFG.  Both  BIOVEST  and  DEGUVEST  HFG  had  very 
similar  handling  characteristics,  although  the  special  liquid  dispenser  for 
DEGUVEST  HFG  had  a  spout  which  permitted  drop-by-drop  measurements,  and  thus 
was  the  easiest  container  to  use  when  dispensing  the  special  liquid.  BIOVEST 
was  easier  to  divest  than  DEGUVEST  HFG,  but  BIOVEST  was  also  MORE  expensive. 
COMPLETE,  on  the  other  hand,  is  the  least  expensive  of  these  three  investments, 
but  appeared  to  release  more  gases.  These  gases  resulted  in  the  formation  of 
more  small  nodules  on  the  castings  than  did  any  of  the  other  investments .  In 
general,  we  found  it  necessary  to  decrease  the  mixing  times  slightly  to  retain 
the  time  for  "holding"  under  vacuum  and  still  have  adequate  working  time. 

Use  of  a  clean  mixing  bowl,  free  of  scratches,  is  strongly  recommended 
to  minimize  influences  on  the  setting  time  of  the  mixed  investment.  A  test 
mix  of  a  new  investment  is  advisable  to  determine  the  mixing,  holding,  and 
working  times  which  are  appropriate  for  your  laboratory  equipment  and  personnel 
(Table  5,  at  close  of  text). 

RECOMMENDATION:  DEGUVEST  HFG  and  BIOVEST  were  quite  comparable,  but 

Deguvest  HFG  was  less  expensive,  and  the  special  liquid 
dispenser  was  the  best  one  we  tested.  However,  BIOVEST 
is  easier  to  divest. 


15-1».  THE  HIGH  PALLADIUM-COPPER  ALLOYS 

Four  alloys  from  this  particular  group  were  evaluated:  ATHENIUM 
(Williams);  DEGUPLUS  2  (Degussa);  NATURELLE  (Jeneric);  and  PG-80+  (Unitek). 
Although  these  metals  melt  and  cast  like  gold-base  alloys  and  are  economical, 
they  have  significant  weaknesses. 

Three  problem  areas  with  the  high  palladium-copper  alloys,  in  general, 
are:  the  nature  of  the  oxide  layer  (thick  and  dark  oxide);  and  difficulties 
with  pre-soldering,  and  with  polishing. 

The  thick  black  to  brown  oxide  has  been  observed  to  affect  adversely 
the  color  of  the  final  restoration.  A  graying  of  some  dental  porcelains  may 
occur  and  be  particularly  noticeable  with  anterior  restorations.  Since  the 
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masking  powers  of  opaque  porcelains  vary,  this  phenomenon  may  not  occur  with 
every  porcelain  system.  Despite  reports  to  the  contrary,  no  bond  failures 
were  noted  either  clinically  or  in  the  dental  laboratory.  Bond  strength,  per 
se,  was  not  considered  a  problem  with  any  of  the  alloys  tested. 

Although  the  emphasis  of  this  evaluation  program  was  on  the  production 
of  single  unit  restorations,  several  fixed  partial  dentures  were  fabricated. 
The  area  of  greatest  concern  in  partial  denture  construction  appeared  to  be 
pre-soldering,  based  on  this  preliminary  work  with  natural  gas  and  oxygen. 

The  temperature  separation  between  the  recommended  pre-solders  and  the  parent 
metals  ranged  from  a  mere  45  °F  (7  °C)  to  205  °F  (96  °C) .  Even  with  a  170  °F 
(77  °C)  separation,  fixed  partial  dentures  were  inadvertently  overheated,  and 
melted  because  the  solder  would  not  flow.  The  inherent  tendency  to  oxidize 
easily  was  also  believed  to  have  contributed  to  the  problem. 

Obtaining  a  high,  even  luster  to  the  final  restoration  is  not  always 
possible.  Some  attribute  this  particular  problem  to  the  presence  of  surface 
oxides.  Others  say  it's  a  result  of  dealing  with  a  two-phase  alloy,  or  the 
presence  of  microporosity.  In  order  to  achieve  a  final  polish,  any  surface 
oxide  layer  (extraneous  oxidation)  has  to  be  mechanically  removed  for  the 
parent  metal  to  be  reached.  This  procedure  has  not  always  been  so  easy  to 
accomplish,  and  portions  of  a  restoration  with  a  large  surface  area  (metal 
occlusals/linguals)  could  not  always  be  made  to  produce  a  uniform  high  shine. 
Since  full  metal  crowns  made  from  high  palladium- copper  alloys  are  easy  to 
polish,  but  heat-treated  (fired  in  a  porcelain  furnace)  units  are  not,  the 
oxide  theory  may  be  found  to  be  at  the  heart  of  the  issue.  In  any  regard, 
polishability  can  be  a  problem,  demand  more  time  than  anticipated,  and  render 
a  less  than  ideal  final  polish. 

None  of  the  high  palladium-copper  alloys  tested  should  be  considered 
as  substitutes  for  gold-base  alloys,  such  as  Olympia  (Jelenko).  Although 
the  high  palladium  alloys  may  be  of  supplemental  value,  they  should  be 
recognized  as  possessing  certain  limitations  not  found  with  alloys  such  as 
Olympia.  Porcelain  "graying"  and  pre-soldering  failures  can  require  remakes 
which  would  eliminate  any  potential  savings  from  using  an  alternative  alloy. 


RECOMMENDATION:  No  single  alloy  proved  superior  to  the  other  members 
of  this  group.  These  general  recommendations  pertain 
to  all  high  palladium-copper  alloys. 


a.  Obey  the  Laws  of  Casting,  and  follow  the  recommended  procedures 
for  processing  lower  density  alloys. 

b.  Assess  the  masking  power  of  your  opaque  porcelain,  since  the  thick, 
dark  oxide  may  influence  shade  fidelity. 

c.  Limit  initial  restorations  to  posterior  units  where  color  is  less 
critical,  in  the  event  porcelain  "graying"  occurs. 
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d.  Perform  pre-soldering  laboratory  tests  to  ascertain  your  ability 
to  solder  these  alloys,  prior  to  undertaking  a  clinical  case  which 
involves  a  fixed  partial  denture. 

e.  Evaluate  the  polishability  of  several  test  castings  with  metal 
occlusals  or  linguals  after  heat-treating  the  alloys  (firing  in  a 
porcelain  furnace). 

f.  Do  not  consider  the  addition  of  small  percentages  {l~3%)  of  noble 
metals,  such  as  gold  and  platinum,  as  important  to  the  properties 
of  these  alloys . 


15-5.  THE  HIGH  PALLADIUM-COBALT  ALLOYS 

Two  high  palladium-cobalt  alloys  were  included  in  the  study:  PTM-88 
(Jelenko),  and  SUPRA-AP  (Jeneric).  These  alloys  are  similar  to  the  high 
palladium-copper  metals,  with  the  exception  that  cobalt  is  substituted 
for  copper. 

Instead  of  a  thick,  dark  black  to  brown  oxide,  the  cobalt-containing 
group  produces  a  cobalt  blue  oxide  layer.  Porcelain  "bluing"  reportedly 
may  occur,  if  the  masking  power  of  the  opaque  porcelain  is  not  sufficient, 
to  handle  the  oxides.  This  occurrence  presents  a  similar  clinical  problem 
associated  with  the  high  palladium-copper  alloys — a  lack  of  shade  fidelity 
in  some  instances. 

No  fixed  partial  dentures  were  fabricated  from  these  alloys,  and  no 
preliminary  pre-soldering  testing  was  attempted.  However,  the  formation 
of  oxides  on  the  glazed  porcelain  surface  was  observed  after  cementation 
with  one  alloy  (PTM-88).  In  view  of  that  event,  no  additional  clinical 
cases  were  produced  with  that  particular  metal. 

Like  their  copper-containing  counterparts,  the  high  palladium-cobalt 
alloys  are  not  substitutes  for  gold-base  metals  such  as  Olympia  (Jelenko). 

RECOMMENDATION:  Aside  from  the  post-cementation  oxide  formation  by 

PTM-88,  no  distinction  could  be  made  between  SUPRA-AP 
and  PTM-88. 


15-6.  THE  PALLADIUM-SILVER  ALLOYS 

Four  palladium-silver  alloys  were  examined:  BAK-ON  SP  (Johnson  &  Johnson); 
JEL-5  (Jelenko);  PORS-ON  (Degussa);  and  WILL-CERAM  W-l  (Williams).  Both 
BAK-ON  SP  and  PORS-ON  contain  a  higher  percentage  of  palladium,  and  less  silver, 
along  with  tin  and  Indium,  for  oxide  development.  On  the  other  hand,  W-l  and 
JEL-5  are  composed  of  less  palladium  and  more  silver,  and  contain  tin  but  no 
indium.  The  tin  and  indium-containing  alloys  produce  a  bluish-violet  oxide 
layer,  while  the  oxidized  tin-only  metals  generate  a  light  gray  oxide  film. 

The  oxide  layer  from  both  palladium-silver  categories  is  much  lighter  in  color 
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than  the  oxidation  with  either  the  high  palladium-copper  or  high  palladium- 
cobalt  groups.  Yamamoto  has  recommended  using  30%  hydrochloric  acid  to 
selectively  remove  dark  oxides  from  various  precious  and  non-precious  alloj 
and  leave  only  the  "white"  tin  oxide. ^  He  contends  that  this  procedure 
improves  bond  strength  and  lessens  the  likelihood  of  porcelain  discoloration. 
These  acid  treatment  procedures  are  unnecessary  with  palladium-silver  alloys 
containing  tin  but  no  indium.  The  naturally  occurring  oxide  is  a  "white"  or 
light  gray  color  which  looks  almost  transparent.  Unfortunately,  few  people 
know  much  about  palladium-silver  alloys  other  than  the  discoloration  problem 
associated  with  certain  shades  of  some  dental  porcelains. 

The  palladium-silver  alloys  also  melt  easily  and  cast  well,  much  like 
gold-base  metals.  They  polish  readily  and  yield  a  high  luster, equal  if 
not  superior  to  a  go Id -palladium  alloy.  No  fixed  partial  dentures  were 
fabricated  with  any  of  the  palladium-silver  alloys,  so  pre-soldering  was  not 
studied. 

The  ease  of  melting,  good  castability,  thin  light-colored  oxide  layer, 
good  bond  strength,  and  excellent  polishability  made  this  alloy  system  superior 
to  the  other  palladium-base  alloys  and  all  the  non-precious  systems. 

If  any  alloy  system  might  rival  the  handling  properties  and  features 
of  the  gold-base  metals,  it  would  be  the  palladium-silver  alloys.  Their 
major  limitation  is  the  potential  discoloration  of  some  dental  porcelain  by 
the  substantial  quantity  of  silver.  However,  both  Will-Ceram  (Williams) 
and  Artis-Tech  (Rx  Jeneric)  porcelains  are  reportedly  resistant  to  porcelain 
discoloration.  The  cost  of  the  palladium-silver  alloys  is  often  30%  less 
than  that  of  the  high  palladium  metals,  and  60%  less  than  gold-palladium 
alloys.  At  least  two  palladium-silver  alloys  are  A.D.A.  "ACCEPTABLE": 
WILL-CERAM  W-l  (Williams),  and  JELSTAR  (Jelenko). 

RECOMMENDATION:  No  single  alloy  proved  more  outstanding  than  all 

the  others.  However,  a  lighter  oxide  was  produced 
by  WILL-CERAM  W-l  and  JEL-5,  which  contained  tin  and 
no  indium. 

a.  Obey  the  Laws  of  Casting,  and  adhere  to  the  recommendations  for 
processing  lower  density  alloys. 

b.  The  study  of  Pd-Ag  alloys  should  be  continued  and  expanded  for 
fixed  partial  dentures,  and  for  pre-  and  post-soldering  testing. 

c.  Facilities  using  Will-Ceram  or  Artis-Tech  porcelains  are  advised 
to  examine  the  palladium-silver  alloys  before  experimenting  with 
either  high  palladium-copper  or  high  palladium-cobalt  metals. 

d.  The  problems  of  porcelain  discoloration  by  silver  should  also 
be  examined  to  ascertain  the  capabilities  and  limitations  of 
these  alloys  with  dental  porcelains  in  Air  Force  inventories. 

e.  Of  all  the  alternative  alloy  systems  evaluated,  palladium-silver 
appears  to  offer  the  most  potential  for  obtaining  economy  without 
sacrificing  quality. 
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15-7.  THE  NICKEL-CHROMUJM-BERYLLIUM  ALLOYS 

Four  alloys  were  examined  in  this  group:  BAK-ON  NP  (Johnson  &  Johnson); 
BIOBOND  II  (Dentsply);  LITECAST  B  (Williams);  and  REXILLIUM  III  (Jeneric). 
More  recent  reports  have  provided  additional  evidence  that  nickel-base  alloys 
containing  beryllium  may  be  more  potentially  harmful  to  our  patients  and  to 
our  dental  laboratory  technicians  than  previously  believed. 

Consequently,  no  recommendations  will  be  made  for  any  nickel-containing 
alloys . 

RECOMMENDATION :  NONE 
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The  noteworthy  characteristics  of  each  of  the  foregoing  alloys  are 
summarized  here: 

LITECAST  B  -  Is  A.D.A.  "ACCEPTABLE”;  has  ingot  identification;  field 

technical  support  Is  available;  TOLL-FREE  phone  number; 
low  ingot  weight;  medium  burnout  temperature  (1500  °F/ 

81 6  °C)  low  oxygen  casting  pressure;  and  least  expensive 
(minimum  orders),  but  highest  Vickers  hardness  number 
(335). 

REXILLIUM  III  -  Is  A.D.A.  "ACCEPTABLE";  TOLL-FREE  phone  number;  lowest 
reported  Vickers  hardness  number  (255),  but  NO  ingot 
identification;  the  highest  burnout  temperature  (1600  °F/ 
871  °C),  second  highest  ingot  weight  (3.5  dwt  per  ingot); 
highest  oxygen  casting  pressure  ( 30 ) ;  and  among  the  most 
expensive  (minimum  orders). 

BIOBOND  II  -  Is  A.D.A.  "Provisionally  Acceptable";  has  ingot  identifica¬ 
tion;  field  technical  support  available;  second  highest 
burnout  temperature;  low  oxygen  casting  pressure;  low 
cost  (minimum  orders);  high  Vickers  hardness  number  (310); 
and  a  TOLL-FREE  phone  number;  but  the  ingots  were  large — 
a  factor  which  leads  to  rapid  accumulation  of  spent  metal 
(buttons)  in  smaller  laboratories. 

BAK-ON  NP  -  Is  A.D.A.  "Provisionally  Acceptable";  has  ingot  identifica¬ 
tion;  field  technical  support  reportedly  available; 
lowest  burnout  temperature (1450  °F/788  °C);  low  ingot 
weight;  medium  oxygen  casting  pressure;  and  low  Vickers 
hardness  number  (260);  but  has  no  TOLL-FREE  phone  number, 
and  is  more  EXPENSIVE  in  minimum  orders. 

NOTE :  Large  ingots  are  more  of  an  advantage  to  bigger  laboratories, 
or  facilities  accustomed  to  multiple  unit  castings.  A  large  ingot 
will  have  a  lower  surface  area  of  oxide  to  volume  ratio  as  compared 
with  several  smaller  ingots,  or  a  small  ingot  and  a  button.  However, 
smaller  laboratories,  more  accustomed  to  single  unit  castings,  benefit 
more  by  using  the  smaller  ingot. 


329 


..  M 

.V, 


k-.v; 

■  *  •  -  *  * 


m 

^vv 

•aa'a  > 

■  A  A.-  A 
aY-'a 
YYv> 
Ay 

r.%^ 

-  -  A  .  ->  * 

A»l*> 

>vw 


:^>a^ 
.“VaY  Y 
■»>'.' 

*  A  A  A  . 

j*  f  >  v 

•V-fv-. 

A  V. 

>  V  /  / 


;  ryn  ▼ 

- 

z»  ,\ _\ 

‘  %  *  */  *. 


pi  ■j*i*j*.A*.1*. ■.  J". 


— SECTIOH  15— 


15-8.  THE  HICKEL-CHROMIUM  BERYLLIUM-FREE  ALLOYS 

Only  one  alloy  was  evaluated  from  this  particular  group:  FORTE  (Unitek). 
This  system  offers  no  real  advantages  over  the  nickel-chromium-beryllium 
alloys,  other  than  the  elimination  of  potential  health  risks  associated  with 
beryllium. 

Since  this  alloy  is  not  etchahle  (no  nickel-beryllium  phase),  a 
technique  to  provide  mechanical  retention  is  required  if  used  for  the  etched 
resin-bonded  retainer  (Maryland  Bridge)  restoration.  More  importantly,  these 
are  still  nickel-base  alloys,  and  thus  subject  to  the  same  biocompatibility 
issues  associated  with  the  nickel-containing  alloys  in  general. 

RECOMMENDATION:  NONE 
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15-9.  THE  COBALT-CHROMIUM  ALLOYS 

Two  alloys  were  obtained  for  evaluation  of  the  only  non-nickel,  non¬ 
beryllium,  non-preclous  alloy  system:  COBOND  (Dentsply),  and  NOVAREX  (Jeneric). 
These  alloys  were  both  more  difficult  to  process  than  either  of  the  nickel-base 
groups.  They  produce  a  thick,  dark  oxide  layer  which  may  range  in  color  from 
brown  to  greenish-black.  This  thick  oxide  is  unlike  that  seen  with  the  high 
palladium  alloys,  and  must  be  managed  if  porcelain-metal  bond  failures 
are  to  be  be  prevented. 

The  cobalt-chromium  alloys  have  not  gained  sufficient  popularity  to  rival 
the  nickel-base  metals,  because  they  are  more  demanding  technically.  In  the 
event  the  price  of  palladium  increased  markedly  to  render  the  palladium-base 
alloys  unattractive  from  a  cost  standpoint,  then  attention  should  be  directed 
toward  mastering  the  technical  considerations  associated  with  the  cobalt- 
chromium  system.  With  the  availability  of  relatively  low  cost,  precious  alter¬ 
natives  like  palladium-silver,  the  cobalt-chromium  metals  remain  far  less 
attractive  for  the  PFM  restoration. 
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RECOMMENDATION:  NONE 

The  noteworthy  characteristics  of  both  of  these  alloys  are  summarized 

here : 


COBOND  -  Is  designated  "PROVISIONALLY  ACCEPTABLE"  by  the  A.D.A. ,  and 
has  ingot  identification,  a  lower  burnout  temperature,  and 
a  lower  oxygen  casting  pressure;  is  LESS  expensive;  field 
technical  support  is  available;  has  TOLL-FREE  phone  number; 
but  COBOND  has  a  high  Vickers  hardness  number  (320). 


NOVAREX  -  Has  no  A.D.A.  designation;  no  ingot  identification;  no  field 

technical  support;  a  high  burnout  temperature  (l600  °F/8T1  °C); 
a  high  oxygen  casting  pressure;  and  a  5-oz  minimum  order,  but 
lower  ingot  weights  and  lower  Vickers  hardness  number  (275). 
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15-10.  OTHER  ITB4S  OF  INTEREST 

While  the  focus  of  this  project  was  on  dental  casting  alloys  for  the 
PFM  restoration,  several  adjunctive  products  were  brought  to  our  attention 
and  examined.  We  felt  such  items  might  be  of  general  interest,  so  they  have 
been  included  in  this  special  section: 

a.  CASTING  OVAL  SYST94  (Belle  de  St.  Claire)  -  This  casting  system 
included  an  oval  ring,  oval  sprue  former,  prefabricated  wax  sprues, 
and  a  non-asbestos  ring  liner  (ceramic  type).  As  discussed  in 
Section  U,  the  system  is  effective,  easy  to  use,  efficient,  and 
helpful  in  producing  excellent  castings.  Three  sizes  of  indirect 
sprues  and  rings  are  available  (small,  large, and  extra  large). 

The  reservoir  bar  is  6-gauge  for  the  small  and  large  sizes,  and 
Q-gauge  for  the  extra  large  size.  A  special  cradle  is  available 
for  adaptation  to  several  brands  of  casting  equipment. 
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b.  COLOR  TRU  LIQUID  BINDER  (Forsyth  Dental  Center)  -  This  new  liquid 
for  dental  porcelain  is  an  organic  liquid  binder.  It  has  the  unique 
property  of  permitting  visualization  of  the  color  of  the  porcelain 
mixture  before  it  fired.  Although  its  handling  properties  are  much 
different  from  conventional  liquids,  it  has  the  potential  to  be  of 
particular  help  to  the  dental  technicians  in  developing  internal 
color. 

Color  Tru  is  a  new  product  and  has  not  been  tested  as  thoroughly  as 
conventional  liquids.  In  addition,  its  handling  properties  are 
quite  different  from  those  of  distilled  water,  so  expect  a  short 
period  of  adjustment  to  its  unique  properties. 

c.  FLEXIBLE  CLEARANCE  GUIDE  (Belle  de  St.  Claire)  -  What  the  caliphers 
are  to  wax  and  metal,  the  Flexible  Clearance  Guide  is  to  the  tooth 
preparation.  The  flexible  guide  has  6  clearance  gauges  (0.5,  1.0, 
1.5,  2.0,  2.5,  and  3.0  mm).  It  can  be  used  for  Intraoral  or  labora¬ 
tory  measurements  of  the  distance  between  the  prepared  tooth  (or 
die)  and  the  opposing  dentition.  It  is  autoclavable,  but  use  paper 
autoclave  bags  rather  than  plastic  materials. 
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This  product  has  both  laboratory  and  clinical  application,  and  may 
prove  helpful  in  identifying  Instances  of  underpreparation . 

d.  RPS-REINFORCED  PORCELAIN  SYSTEM  (Williams  Gold)  -  This  system 

of  prefabricated  wax  pontics  is  designed  for  pontics  with  full  por¬ 
celain  veneer  restorations.  Numerous  single  unit  pontics  were  made 
and  no  cracking,  crazing,  or  fracture  of  the  pontics  was  noted  either 
in  the  laboratory  or  clinically.  The  individual  units  may  be  modi¬ 
fied  to  convert  them  to  metal  occlusals  or  linguals,  if  porcelain 
occlusion  is  not  desired.  The  main  advantages  of  the  RPS  system  are 
the  elimination  of  the  solid  pontic  and  reduction  of  the  "heat  sink" 
factor,  plus  conservation  of  metal. 
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e.  TRI-WAX  SPRUES  (Williams  Gold)  -  Tri-Wax  sprues  are  prefabricated 
wax  patterns  for  both  direct  and  indirect  spruing.  The  large  direct 
sprue  has  a  1-gauge  reservoir  ball,  and  the  small  direct  sprue  has 

a  2-gauge  ball.  The  single  indirect  pattern  has  a  3-gauge  reservoir 
bar  with  7-gauge  feeders,  and  is  most  useful  for  large  metal  crowns, 
pontics,  and  large  metal  occlusal  restorations. 

f.  VESTRA-FIHE  INVESTMENT  LIQUID  (Unitek.)  -  The  special  liquid  for 
the  Vestra-fine  investment  can  be  mixed  with  shoulder  porcelains 
to  give  rigidity  to  the  porcelain.  In  some  situations,  such  as 
multi-unit  cases,  having  a  more  rigid  material  for  the  direct-lift 
porcelain  margin  technique  can  be  helpful. 
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TABLE  1.  WAX  PATTERN  TO  ALLOY  WEIGHT  CONVERSION  CHART 
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APPENDIXES: 

THE  CASTING  ALLOYS  TESTED 
THE  PARTICIPATING  MANUFACTURERS 
CENTIGRADE-FAHRENHEIT  CONVERSION  CHART 


GLOSSARY  OF  TECHNICAL  TERMS 


APPENDIX  A: 


THE  CASTING  ALLOYS  TESTED 

(Listed  by  alloy  system) 

1.  HIGH  PALLADIUM-COPPER  ALLOYS: 

a.  ATHENITJM  (Williams):  74$  Palladium  and  14.5$  Copper,  5$  Indium  and 

6.5$  Tin,  Gallium  and  unspecified  grain  refiners 

b.  DEGUPLUS  2  (Degussa):  80$  Palladium,  ?$  Copper,  1$  Gold,  1$  Platinum, 

and  ?$  Gallium 

c,  NATURELLE  (Jeneric):  79$  Palladium,  10$  Copper,  2$  Gold,  9$  Gallium, 

and  Aluminum,  Zinc,  and  Ruthenium 

d,  PG-80+  (Unitek):  79.5$  Palladium,  ?$  Copper,  1$  Gold,  ?$  Gallium, 

and  unspecified  grain  refiners. 

2 •  HIGH  PALLADIUM- COBALT  ALLOYS: 

a,  PTM-88  (Jelenko):  88$  Palladium,  4$  Cobalt,  and  8$  Gallium 

b.  SUPRA-AP  (Jeneric):  83$  Palladium,  6-8$  Cobalt,  7$  Gallium,  and 

4$  Indium 

3,  PALLADIUM-SILVER  ALLOYS: 

a.  BAK-ON  SP  (J  &  j):  58$  Palladium,  31$  Silver,  6$  Tin,  4$  Indium, 

and  1$  Zinc 

b,  JEL-5  (Jelenko):  54$  Palladium,  38.5$  Silver,  7$  Tin,  and 

0.5$  Gallium 

0,  P0RS-0N  (Degussa):  58$  Palladium,  30$  Silver,  ?  Tin,  ?$  Indium, 

and  ?$  Zinc 

d.  WILL-CERAM  W-l:  53-5  $  Palladium,  37.5$  Silver,  8.5$  Tin, 

(Williams)  0.5$  Indium,  and  unspecified  trace  elements 

4 ,  NICKEL-CHROMIUM- BERYLLIUM  ALLOYS: 

a,  BAK-ON  NP  (J  &  j):  77$  Nickel,  13$  Chromium,  1.8$  Beryllium, 

1.8$  Titanium,  and  1.4$  Aluminum 

b.  BIOBOND  II  (Dentsply) :  80.7$  Nickel,  13.5$  Chromium,  4$  Vanadium,  and 

1.8$  Beryllium 

u.  LITECAST  B  (Williams):  77-5$  Nickel,  12.5$  Chromium,  4$  Molybdenum, 

1.7$  Beryllium,  and  4.3$  Al,  Fe,  and  Si 
d.  REXILLIUM  III  (Jeneric ): 74-78$  Nickel,  12-15$  Chromium,  4-6$  Molybdenum 

and  1.8$  Beryllium 

5 .  NICKEL-CHROMIUM  BERYLLIUM-FREE  ALLOYS: 

FORTE  (Unitek):  64$  Nickel,  22$  Chromium,  9$  Molybdenum, 

4$  Columbium,  1$  Iron,  plus  Tantalum 

6.  COBALT-CHROMIUM  ALLOYS: 


a.  C0B0ND  (Dentsply): 

b.  N0VAREX  (Jeneric): 


65“68$  Cobalt,  25-27$  Chromium,  and  4-6$  Molybdenum 
and  unspecified  trace  elements 
55$  Cobalt,  25$  Chromium,  11$  Wolfram,  5$  Ruthenium 
plus  Aluminum,  Yttrium,  Zirconium,  and  Niobium. 


flVlvS-i 


APPENDIX  B: 


THE  PARTICIPATING  MANUFACTURERS 


Products 


Casting  Oval  System 
Ready  Sprues 

Flexible  Clearance  Guide 


Manufacturers  and  addresses 


1.  Belle  de  St.  Claire 
l6l46  Valerio  Street 

Van  Nuys,  California  91406 

2.  Degussa  Dental,  Inc. 

21-25  44th  Avenue 

Long  Island  City,  New  York  11101 

3.  Dentsply  International,  Inc. 

570  West  College  Avenue 

P.  0.  Box  872 

York,  Pennsylvania  17405 

4.  J.  F.  Jelenko  &  Co. 

99  Business  Park  Drive 
Armonk,  New  York  10504 

5.  Rx.  Jeneric  Gold  Co. 

Jeneric  Industries,  Inc. 

125  North  Plains  Industrial  Road 
P.  0.  Box  724 

Wallingford,  Connecticut  06492 

6.  Johnson  &  Johnson  Co. 

Dental  Products  Co. 

Ceramco,  Inc. 

20  Lake  Drive,  CN  7060 

East  Windsor,  New  Jersey  08520 

7.  Unitek  Corporation 
2724  South  Peck  Road 
Monrovia,  California  91016 

8.  Vident 

5130  Commerce  Drive 

Baldwin  Park,  California  91706 

9.  Williams  Gold  Refining  Co. 

2978  Main  Street 
Buffalo,  New  York  14214 


Deguplus  2  (High  Palladium-Copper) 
Pors-On  (Palladium-Silver) 


Biobond  II  (Nickel-Chromium-Beryllium) 
Cobond  (Cobalt-Chromium) 

Shademate  Porcelain 


Naturelle  (High  Palladium- Copper) 

Supra-AP  (High  Palladium-Cobalt) 
Rexillium  III  (Nickel-Chromium-Beryllium) 
Novarex  (Cobalt-Chromium) 

Artis-Tech  Porcelain 

Bak-On  SP  (Palladium-Silver) 

Bak-On  NP  (Nickel-Chromium-Beryllium) 


PG-80+  (High  Palladium-Copper) 

Forte  (Nickel-Chromium  Beryllium-Free) 
Crystar  Porcelain 


Athenium  (High  Palladium-Copper) 
Will-Ceram  W-l  (Palladium-Silver) 
Litecast  B  (Nickel-Chromium-Beryllium) 
Will-Ceram  Porcelain 
RPS  System 
Tri-Wax  Sprues 


Vita  Porcelain 


PTM-88  (High  Palladium-Cobalt) 
Jel-5  (Palladium-Silver) 
Jelenko  Porcelain 
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APPENDIX  D: 


GLOSSARY  OF  TECHNICAL  TERMS 


The  finishing  of  a  metal  or  porcelain  surface  with  an  abrasive 
material  (aluminum  oxide,  glass  beads,  sand,  etc.)  under 
pressure. 

The  process  of  sintering  (firing)  in  a  porcelain  furnace  without 
a  vacuum. 

ALLOY  -  A  substance  which  possesses  metallic  properties  and  is  composed 

of  two  or  more  chemical  elements,  of  which  at  least  one  is  an 
elemental  metal  comprising  the  majority  of  the  mixture. 

APPLIED  GLAZE  -  An  artificial  glaze  applied  to  the  dental  porcelain  surface  and 
air-fired  in  an  oven  for  a  specified  period  of  time. 

AUTOGLAZE  -  Refer  to  "Self-Glaze . " 

BASE  METAL  -  A  non-precious  metal  which  is  non-noble  and  has  little  intrin¬ 
sic  value  (e.g.,  chromium,  copper,  nickel,  tin, and  zinc).  Base 
metals  are  added  to  high  noble  metal  alloys  to  produce  the 
oxide  layer  for  porcelain  bonding. 

BOND  -  A  term  used  to  describe  the  attachment  or  union  between  dental 

porcelain  and  the  metal  substructure. 

BRINELL  HARDNESS  -  A  measure  of  the  hardness  of  a  material  obtained  in  a  labor¬ 
atory  test,  in  which  a  hardened  steel  ball  is  pressed  into  the 
polished  surface  of  a  material  under  a  measured  load.  The 
amount  of  indentation  is  computed  according  to  the  load,  and 
assigned  a  Brinell  hardness  number  (BHN).  Thus,  the  smaller 
the  indentation,  the  harder  the  material  and  the  higher  the 
Brinell  number. 

CARAT  -  The  carat  of  an  alloy  is  determined  by  the  parts  of  pure  gold 

in  the  alloy  of  2b  parts.  The  term  is,  therefore,  never  used 
to  describe  non-gold  base  alloys. 

CASTING  TEMPERATURE  -  A  temperature  which  is  usually  100-150  °F  above  the 

melting  or  fusing  range  of  an  alloy.  This  higher  temperature 
compensates  for  heat  loss  during  the  casting  procedure. 

CERAMO-METAL  -  One  of  several  alternative  designations  to  describe  the  PFM 
restoration.  However,  the  term  "ceramo"  might  incorrectly 
imply  that  dental  porcelain  is  a  ceramic,  and  actually  it  is 
a  non-crystalline  glass. 

COLOR  -  While  the  gold  in  gold-base  alloys  imparts  a  yellow  color,  the 

non-gold  base  systems  possess  a  platinum  or  white  color  which 
may  take  on  a  reddish  tint  if  sufficient  copper  is  present. 


AIR-ABRADING  - 


AIR-FIRING  - 
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CONDUCTIVITY  -  The  property  of  transferring  thermal  (heat  and  cold)  and  elect¬ 
rical  energy.  Gold,  silver,  and  copper  are  examples  of  good 
thermal  conductors.  Base  metal  alloys  are  poor  thermal  con¬ 
ductors — a  property  which  can  be  beneficial  to  pulpal  tissues. 

COPING  -  A  designation  for  the  metal  substructure  of  a  single  unit  PFM 

CORROSION  -  This  term  refers  to  the  process  in  which  the  surface  of  a  metal 

restoration  actually  undergoes  deterioration  through  a  reaction 
with  its  environment. 

CRUCIBLE  (CASTING)  -  The  container  in  which  alloys  are  melted  for  casting. 

High-heat  zircon-alumina  or  quartz  crucible  are  recommended  for 
PFM  alloys,  and  clay  crucibles  should  be  limited  to  Type  III 
gold  alloys. 

DEGASSING  -  The  process  of  heat-treating  a  PFM  substructure  believed  to 

release  entrapped  gasses  and  burn  off  organic  surface  impurities 
(refer  to  "Oxidation"). 

DELAMINATION  -  A  term  used  to  describe  a  porcelain-metal  bond  failure  when 
the  porcelain  is  removed  cleanly  from  the  metal  surface. 

DENSITY  -  The  density,  or  specific  gravity,  is  the  weight  of  a  substance 

as  compared  with  the  weight  of  exactly  the  same  volume  of  water. 
The  standard  used  Is  that  1  cc  of  water  (at  b  °c)  is  equal  to  1. 
The  density  of  pure  gold  is  19  g/rc,  while  many  of  the  non- 
precious  alloys  have  a  density  between  T - 7 5  and  8.5  g/rc. 

DEVITRIFICATION  -  The  return  of  some  of  the  dental  porcelain  components  to  a 
crystalline  form  caused  by  repeated  firing  and  overfiring,  and 
resulting  in  an  increase  in  cloudiness  (opacification). 

DUCTILITY  -  The  property  of  a  metal  which  permits  it  to  be  drawn  into  a 

wire  without  breaking.  While  gold  and  silver  are  very  ductile, 
nickel  and  chromium  are  not. 

ELASTIC  LIMIT  -  Refer  to  "Modulus  of  Elasticity." 

ELONGATION  -  The  "percentage  of  elongation"  refers  to  the  amount  an  alloy 
will  Increase  in  length  when  drawn  from  a  zero  load  to  its 
breaking  point.  Thus  elongation  is  a  measure  of  the  duct¬ 
ility  of  a  metal  or  an  alloy,  and  the  higher  the  percentage 
the  GREATER  the  ductility.  The  lower  the  percentage,  the 
LESS  likely  the  metal  margins  can  be  burnished. 

ETCHING  -  Process  by  which  surface  metal  is  electrolytically  or  chemical¬ 

ly  removed  (usually  with  acids)  to  create  microscopic  three- 
dimensional  relief  for  micro-mechanical  retention.  A  composite 
cementing  medium  is  permitted  to  flow  into  the  etched  metal 
surface  to  provide  mechanical  retention  of  the  prosthesis. 
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EXTRANEOUS  OXIDATION  -  Oxidation  which  forms  cn  non-porcelain  bearing  areas 

of  the  metal  substructure  (i.e.  metal,  occlusal/ lingual,  metal 
collar,  etc.). 

FINENESS  -  Alloy  fineness  is  the  parts  per  1000  which  are  gold.  This 

term  is  used  to  describe  gold-base  (not  non-gold  base  alloys). 

FLEXIBILITY  -  The  amount  of  bending  movement,  or  distortion,  an  alloy  can 
withstand  and  still  be  able  to  return  to  its  original  shape 
without  evidence  of  distortion.  An  alloy  which  possesses 
a  low  modulus  of  elasticity  but  a  high  yield  strength  will 
offer  greater  flexibility. 

FRAMEWORK  -  A  designation  for  the  metal  substructure  of  a  PFM  fixed  partial 
denture,  as  well  as  a  removable  partial  denture  casting. 

GALVANISM  -  The  production  of  small  electrical  currents  in  the  mouth  as  a 
result  of  contact  by  restorations  of  dissimilar  metals  (e.g., 
gold  onlay  opposing  an  amalgam  restoration).  Galvanism  may 
cause  tooth  sensitivity. 

GASSING  -  The  release  of  entrapped  gases,  formed  by  a  metal  substrate  dur¬ 

ing  a  firing  procedure,  which  results  in  voids  or  bubbles  in  the 
opaque  or  body  porcelains. 

GLAZE  -  Refer  to  "Applied-,"  "Auto-,"  or  "Self-Glaze." 

GRAINS  -  A  metal  is  made  up  of  microscopic  components  called  crystals 

or  grains.  Each  grain  represents  an  individual  unit,  but 
thousands  represent  a  polycrystalline  structure  and  make  up 
the  metal.  An  alloy  composed  of  many  small  similar  grains  is 
often  referred  to  as  a  "micro-fine  homogeneous  metal."  It  will 
exhibit  better  physical  and  mechanical  properties  than  a  macro 
(large)  grain  heterogeneous  (mixed)  alloy.  Manufacturing  and 
handling  of  the  alloy  by  the  technician  can  and  will  affect  the 
grain  structure. 

GRAIN  GROWTH  -  Overheating  an  alloy,  or  subjecting  it  to  prolonged  heating, 
may  permit  the  grains  or  crystals  of  the  metal  to  merge,  thus 
forming  even  larger  grains.  Large  grain  alloys  are  weaker 
than  small  or  micro-fine  grain  metals.  Slow  cooling  after 
casting  can  permit  such  grain  growth. 

GRAINS  (WEIGHT)  -  Precious  metals  are  frequently  weighed  to  calculate  the  volume 
of  metal  used  to  produce  a  given  restoration.  Since  24  grains 
are  in  each  pennyweight,  and  20  pennyweights  in  each  troy  ounce, 
then  480  grains  are  in  each  ounce.  In  metric  measurements, 

1  grain  equals  200  mg;  24  grains  equal  1.5552  g;  and  480  grains, 
or  31.1035  g,  equal  one  troy  ounce. 

GRAMS  (WEIGHT)  -  The  gram  (g)  is  the  basic  unit  of  weight  in  the  metric  system, 
with  28.3495  g  in  each  avoirdupois  ounce  and  31.1035  g  in  each 
troy  ounce. 
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HARDNESS  -  The  resistance  of  an  alloy  to  surface  penetration  is  referred 

to  as  its  "hardness";  as  hardness  increases,  resistance  to 
surface  wear  also  increases.  Values  for  hardness  are  most 
often  reported  as  either  a  Vickers  or  a  Brinell  hardness  number 
(VHN  or  BHN),  with  a  VHN  designation  being  used  more  frequently. 

INVESTMENT  (GYPSUM)  -  Investments  consist  of  a  binder  and  a  refractory  material; 

and,  with  gypsum  investment,  plaster  is  the  binder  and  silica 
is  the  refractory.  Beauty-Cast  and  Cristobalite  are  examples 
of  such  investments.  In  general,  gypsum  investments  should 
not  be  heated  to  temperatures  higher  than  1292  °F  (700  °C)  for 
fear  of  investment  breakdown  and  alloy  contamination. 

INVESTMENT  ( PHOSPHATE )  -  These  investments  do  not  contain  a  gypsum  binder 

~  (plaster) ,  but  substitute  a  phosphate  (ammonium  phosphate) — 
a  metallic  oxide  (magnesium  oxide)  with  a  silica  refractory 
material.  These  investments  are  capable  of  withstanding 
temperatures  much  higher  than  the  gypsum  investments,  and  are 
considerably  stronger.  Examples  of  the  carbon-containing 
investments  are:  Biovest,  Complete,  and  Deguvest  HFG;  and, 
of  the  non-carbon  investments:  Hi-Temp  and  Vestra-fine. 

INVESTMENT  (SILICA)  -  The  binder  for  the  silica-bonded  investments  is  a 

silica  gel  which  reverts  to  silica  (Cristobalite)  on  heating. 

LIQUIDUS  -  The  temperature  above  which  an  alloy  is  entirely  molten. 

LIQUIDUS  RANGE  -  The  temperature  range  from  the  time  the  alloy  becomes  semi- 

liquid  until  It  is  fully  molten,  without  overheating  the  metal 
and  burning  off  any  trace  elements. 

MALLEABILITY  -  The  ability  to  withstand  permanent  deformation  without  rupture 
under  compression,  as  compared  with  ductility — which  is  a 
measure  of  a  metal  under  a  tensile  (pulling)  load. 

MECHANICAL  PROPERTIES  -  The  properties  of  an  alloy  or  a  metal  which  reveal  its 
elastic  or  inelastic  behavior  when  a  loading  force  is  applied. 
Such  properties  would  Include  percentage  elongation,  hardness, 
ultimate  tensile  strength,  and  yield  strength. 

MELTING  RANGE  -  Alloys  do  not  melt  sharply  at  a  specific  temperature,  but  over 
a  50  -  200  °F  temperature  range.  The  lower  limit  indicates 
the  initial  melt,  and  the  upper  limit  represents  a  complete 
melt  when  the  alloy  is  totally  fluid. 

METAL-CERAMIC  -  One  of  several  terms  to  Identify  the  PFM  restoration,  although 
dental  porcelain  is  a  glass  as  opposed  to  a  true  "ceramic." 

MODULUS  OF  ELASTICITY  -  A  measure  of  the  rigidity  or  stiffness  of  an  alloy; 

the  higher  the  "modulus,"  the  more  difficult  to  deform  it. 

A  gold  alloy  might  possess  a  modulus  of  elasticity  between 
13  and  15  X  10b  psi. 
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NATURAL  GLAZE  -  Refer  to  "Self-Glaze." 

OUNCE  (AVOIRDUPOIS)  -  One  ounce  Is  equal  to  28.3^96  grams. 

OUNCE  (TROY)  -  One  ounce  is  equal  to  20  pennyweight  or  31.1035  grams  (refer 
to  TROY  WEIGHTS). 

OXIDE  LAYER  -  The  colored  film  which  forms  on  a  PFM  alloy  after  the  metal  has 
been  heat  treated.  The  oxides  on  the  porcelain-bearing  areas 
are  used  to  bond  the  dental  porcelain  to  the  metal  substructure. 

OXIDATION  -  The  process  of  heat-treating  a  PFM  alloy  to  produce  an  oxide 
layer  for  porcelain  bonding.  Whether  the  oxidation  firing  is 
accomplished  in  air  or  a  vacuum  depends  on  the  requirements  of 
the  particular  alloy  system.  There  is  no  standard  oxidation 
procedure,  and  manufacturers  specify  the  technique  for  each  of 
their  alloys. 

PENNYWEIGHT  -  A  pennyweight  represents  l/20th  of  a  troy  ounce,  and  is  com¬ 
posed  of  2k  grains.  The  abbreviation  "dvt"  is  used  synonymous¬ 
ly  with  pennyweight.  In  metric  terms,  20  dvt  represent  one 
troy  ounce,  or  31.1035  g. 

PFM  -  The  accepted  abbreviation  for  "porcelain-fused-to-metal." 

PHYSICAL  PROPERTIES  -  These  are  the  properties  inherent  in  a  metal  or  an  alloy; 

e.g. ,  its  casting  temperature,  density,  and  melting  range. 

POROSITY  -  Refers  to  the  presence  of  holes,  voids,  and  pits,  either  within 

a  material  or  on  its  surface. 

POST-SOLDERING  -  The  soldering  of  PFM  components  after  the  application  of  porcelain. 

PRE-SOLDERING  -  The  soldering  of  PFM  components  before  the  application  of  porcelain. 

PROCESSING  -  Refers  to  the  steps,  or  procedures,  involved  in  the  production 
of  a  PFM  restoration — from  wax-up  to  the  application  of  dental 
porcelain,  and  includes  the  final  finish. 

PROPORTIONAL  LIMIT  -  The  amount  of  stress  a  metal  or  an  alloy  will  withstand 
before  it  will  permanently  deform.  This  limit  is  an  indica¬ 
tion  of  the  relative  strength  and  toughness  of  a  material. 

QUENCH  -  To  immerse  a  heated  alloy  or  invested  casting  in  water  to  prevent 

atomic  diffusion  (e.g.,  to  prevent  a  certain  constituent  in  the 
alloy,  which  is  soluble  at  a  high  temperature  but  less  so  at  a 
lower  temperature,  from  precipitating  out  of  solid  solution). 

The  ability  of  an  alloy  to  spring  back  to  its  original  shape 
or  form  after  receiving  a  sudden  blow.  An  alloy  with  a  high 
yield  strength  and  low  modulus  of  elasticity  will  possess 
greater  resiliency. 


RESILIENCY  - 
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SAG  RESISTANCE  -  The  ability  of  the  cast  form  of  a  fixed  partial  denture  to 
resist  distortion  during  soldering  and  repeated  firings  at 
elevated  temperatures.  This  ability  is  of  particular  concern 
with  long-span  PFM  fixed  partial  dentures  in  which  multiple 
pontic  areas  are  unsupported.  In  general,  the  lower  density 
alloys  with  higher  Brinell  and  Vickers  hardness  numbers  offer 
greater  "sag  resistance,"  due  to  their  increased  strength. 

SELF-GLAZE  -  A  naturally  occurring  glaze  obtained  by  air-firing  dental 

porcelain  to  a  recommended  temperature  for  a  specific  period 
of  time. 

SINTERING  -  .Another  term  to  describe  the  "firing"  of  dental  porcelain. 

SOLIDUS  -  The  temperature  at  which  a  metal  or  an  alloy  begins  to  melt 

(incipient  melting  point). 

SOLUBILITY  -  The  ability  of  a  material  to  be  dissolved  in  another  material 
(solvent).  Palladium  is  known  to  dissolve  gases  readily, 
especially  hydrogen,  while  silver  has  an  affinity  for  oxygen. 
Consequently,  importance  lies  in  properly  mixing  and  evacuating 
all  phosphate-bonded  investments,  and  in  not  over-oxygenating 
the  flame  when  casting. 

SPECIFIC  GRAVITY  -  Refer  to  "Density." 

TARNISH  -  The  formation  of  a  discoloration  or  other  alteration  to  the 

surface  finish  of  a  metal  restoration  in  the  mouth.  Food  items 
(such  as  eggs  and  fish,  rich  in  sulfur)  can  form  copper  or 
silver  sulfides.  Pigment-producing  bacteria,  iron,  mercury- 
containing  drugs,  along  with  absorbed  food  debris  can  also 
result  in  the  formation  of  stains  or  discoloration  on  dental 
restorations. 

TOUGHNESS  -  Concerns  the  ability  of  an  alloy  to  withstand  sudden  blows  or 
shocks  which  may  stress  the  alloy  beyond  its  yield  strength, 
yet  not  beyond  its  breaking  strength.  Generally,  those  alloys 
with  a  high  percentage  of  elongation  and  a  high  ultimate 
tensile  strength  possess  greater  toughness. 

TROY  WEIGHTS  -  One  troy  ounce  is  made  up  of  20  pennyweight  (dwt),  and  each 
pennyweight  contains  2h  grains  of  metal.  All  precious  metal 
weights  should  be  recorded  in  both  pennyweights  and  grains. 

ULTIMATE  TENSILE  STRENGTH  -  Refers  to  the  greatest  amount  of  tensile  stress  an 
alloy  can  withstand  before  it  will  fracture. 

VACUUM-FIRING  -  The  firing  of  dental  porcelain  in  a  furnace  in  which  the  air 
or  atmosphere  has  been  removed  to  create  a  denser  porcelain 
restoration  (less  air  between  porcelain  grains). 
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VICKERS  HARDNESS  -  Unlike  the  Brinell  test,  the  Vickers  hardness  test  uses  a 
pyramid-shaped  diamond  instead  of  a  steel  ball.  The  Vickers 
hardness  number  (VHN)  is  calculated  the  sarnie  way  as  the  Brinell 
test.  Also,  the  higher  the  value,  the  greater  the  hardness, 
although  the  Vickers  number  for  an  alloy  is  usually  greater 
than  its  Brinell  hardness  number,  solely  because  of  the  test¬ 
ing  method.  Therefore,  compare  similar  test  results  when 
evaluating  different  alloys. 

VITRIFICATION  -  The  formation  of  a  glass,  or  glass-like,  structure  by  fusion 
due  to  heat.  A  formal  definition  is:  "the  development  of  a 
liquid  phase  which,  on  reaction  or  cooling,  provides  a  glassy 
phase. " 

VOLATILITY  -  The  vaporizing  of  a  substance  into  a  gas  which  can  occur  when 
melting  an  alloy,  particularly  if  it  is  inadvertently  over¬ 
heated.  This  vaporization  can  realloy  the  metal,  and  actually 
change  the  properties  of  the  alloy  before  it  is  even  cast. 

YIELD  STRENGTH  -  The  greatest  amount  of  stress  a  metal  or  alloy  can  withstand, 

and  retain  its  original  shape  or  form  when  the  stress  is  removed. 


